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For surgical procedures 
90 minutes or longer... 











~ Long-acting muscle relaxation without vagolytic effects’ 


e Does not cause elevation of heart rate or blood pressure? 
@ Recommended when cardiovascular stability is desired? 


e A useful alternative to pancuronium in patients where 
tachycardia is best avoided.‘ 


e Provides good to excellent intubating conditions 
within 2.5 to 3.0 minutes. 


See following page for brief summary of prescribing information. 
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Before prescribing, please consult complete product information, a sum- 
mary of which follows: 


THIS DRUG SHOULD BE ADMINISTERED BY ADEQUATELY TRAINED 


INDIVIDUALS FAMILIAR WITH ITS ACTIONS, CHARACTERISTICS, AND 
HAZARDS. 





CONTRAINDICATIONS: None known. 
WARNINGS: ARDUAN® (PIPECURONIUM BROMIDE) FOR INJECTION SHOULD BE 
ADMINISTERED IN CAREFULLY ADJUSTED DOSAGE BY OR UNDER THE SUPERVISION OF 
EXPERIENCED CLINICIANS WHO ARE FAMILIAR WITH THE DRUG’S ACTIONS AND THE 
POSSIBLE COMPLICATIONS OF ITS USE. THE DRUG SHOULD NOT BE ADMINISTERED 
UNLESS FACILITIES FOR INTUBATION, ARTIFICIAL RESPIRATION, OXYGEN THERAPY, AND 
AN ANTAGONIST ARE WITHIN IMMEDIATE REACH. IT IS RECOMMENDED THAT CLINI- 
CIANS ADMINISTERING LONG-ACTING NEUROMUSCULAR BLOCKING AGENTS SUCH 
AS ARDUAN® EMPLOY A PERIPHERAL NERVE STIMULATOR TO MONITOR DRUG 
RESPONSE, NEED FOR ADDITIONAL RELAXANT, AND ADEQUACY OF SPONTANEOUS 
RECOVERY OR ANTAGONISM. In patients with myasthenia gravis or myasthenic (Eaton- 
Lambert) syndrome, small doses of non-depolarizing neuromuscular blocking agents may 
have profound effects. Shorter-acting muscle relaxants than ARDUAN® may be more 
suitable for these patients. 
PRECAUTIONS: General: Since ARDUAN® has little or no effect on the heart rate, the 
drug will not counteract the bradycardia produced by many opioid anesthetic agents or 
vagal stimulation. Consequently, bradycardia during anesthesia may be more common with 
ARDUAN® than when a muscle relaxant (such as pancuronium) which exerts vagolytic action 
is employed. 
Renal Failure: ARDUANS® in the dose of 70 g/kg actual body weight (ABW), has been 
studied in a limited number of patients (n=20)} undergoing renal transplant surgery recently 
dialyzed in preparation for cadaver renal transplant. The mean clinical duration (injection to 
25% recovery) of 103 minutes was not judged prolonged; however, there was wide individual 
variation (30 to 267 minutes). ARDUAN® has not otherwise been studied in patients with 
renal failure (for elective or emergency non-renal surgery). Because it is primarily excreted by 
the kidney, and because some shorter-acting drugs (vecuronium and atracurium) have a 
more predictable duration of action in patients with renal dysfunction, ARDUAN® should be 
used with extra caution in patients with rena! failure. 
Increased Volume of Distribution: Conditions associated with an increased volume 
of distribution, eg, slower circulation time in cardiovascular disease, old age, or edematous 
states, may be associated with a delay in onset time. Because higher doses of ARDUAN® 
may produce a longer duration of action, the initial dose should not usually be increased in 
these patients to enhance onset time; instead, more time should be allowed for the drug to 
achieve maximum effect. 
Hepatic Disease: There are no data on dosage requirements, onset, duration, or phar- 
macokinetics in patients with moderate or severe hepatic dysfunction and/or biliary obstruc- 
tion. This should be considered in selection of muscle relaxants for use in these patients. 
Obesity: The most common patient condition associated with prolonged clinical duration 
was obesity, defined as 30% or more over idea! body weight (IBW). Clinical study subjects 
were dosed on the basis of actual body weight, which may have contributed to the higher 
incidence of prolonged duration. It is therefore recommended that dosage be based upon 
ideal body weight for height in obese patients. 
Malignant Hyperthermia (MH): Human malignant hyperthermia has not been 
reported with the administration of ARDUAN® Because ARDUAN® is never used alone and 
because the occurrence of malignant hypertnermia during anesthesia is possible even in the 
absence of known triggering agents, clinicians should be familiar with early signs, confirma- 
tory diagnosis, and treatment of malignant hyperthermia prior to the start of any anesthetic. 
In an animal study in MH-susceptible swine (n=7), the administration of ARDUAN® was not 
associated with the development of malignant hyperthermia. 
Central Nervous System: ARDUAN?® has no known effect on consciousness, the pain 
threshold, or cerebration. Therefore, administration must be accompanied by adequate 
anesthesia. 
Drug Interactions: ARDUAN® can be administered following recovery from succinylcho- 
line when the latter is used to facilitate endotracheal intubation. 

The use of ARDUAN® before succinylcholine, in order to attenuate some of the side effects 
of succinylcholine, is not recommended because it has not been studied. 

There are no clinical data on concomitant use of ARDUAN® and other non-depolarizing 
neuromuscular blocking agents. 
inhalational Anesthetics: Use of volatile inhalation anesthetics has been shown to 
enhance the activity of other neuromuscular blocking agents on the order of enflurane > 
isoflurane > halothane. No definite interaction between ARDUAN® and halothane, as used 
clinically, has been demonstrated. Use of isoflurane in one study of 25 patients resulted in an 
increase in mean clinical duration by 12%. In another study of 25 patients first anesthetized 
with enflurane for 5 minutes or more, the mean clinical duration was increased by 50%. 
Therefore, a prolonged clinical duration following initial or maintenance doses and pro- 
longed recovery from neuromuscular blocking effect of ARDUAN® should generally be antic- 
ipated with enflurane > isoflurane > halothane. 
Antibiotics: Parenteral /intraperitoneal administration of high doses of certain antibiotics 
may intensify or produce neuromuscular block on their own. The following antibiotics have 
been associated with various degrees of paralysis: aminoglycosides (such as neomycin, 
streptomycin, kanamycin, gentamicin, and dihydrostreptomycin); tetracyclines; bacitracin; 
polymyxin B; colistin; and sodium colistimethate. 
Other: Experience concerning injection of quinidine during recovery from use of other mus- 
cle relaxants suggests that recurrent paralysis may occur. This possibility must also be con- 
sidered for ARDUAN® ARDUAN®-induced neuromuscular blockade has been counteracted 
by alkalosis and enhanced by acidosis in experimental animals (cat). In addition, experience 
with other drugs has suggested that acute (eg, diarrhea) or chronic (eg, adrenocortical 
insufficiency) electrolyte imbalance may alter neuromuscular blockade. Since electrolyte 
imbalance and acid-base imbalance are usually mixed, either enhancement or inhibition 
may occur. Magnesium salts, administered for the management of toxemia of pregnancy, 
may enhance neuromuscular blockade. 


Drug/Laboratory Test Interactions: None known. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Studies in animals have 
not been performed to evaluate carcinogenic potential or impairment of fertility. Mutagenicity 
studies (Ames test, Sister Chromatid Exchange) conducted with ARDUAN® revealed no 
mutagenic potential. 

Pregnancy Category C: A teratogenicity study has been conducted in rats using intra- 
venously administered doses of ARDUAN® approximating the clinical dose in humans (50 
g/kg). No teratogenic effects were observed in this study. An embryotoxic effect (secondary 
to maternal toxicity) was observed at the highest dose administered (50 pg/kg ) as demon- 
strated by an increase in earlier fetal resorptions. There are no adequate and well-controlled 
studies in pregnant women. ARDUAN® should be used during pregnancy only if the potential 
benefit justifies the potential risk to the fetus. 

Use in Obstetrics (cesarean section): There are insufficient data on placental transfer 
of ARDUAN® and possible related effect(s) upon the neonate following cesarean section 
delivery. In addition, the duration of action of ARDUAN® exceeds the duration of operative 
obstetrics (cesarean section). Therefore, ARDUAN® is not recommended for use in patients 
undergoing C-section 

Pediatric Use: Infants (3 months to 1 year) under balanced anesthesia (2 studies in 52 
infants), or halothane anesthesia (1 study in 29 infants), manifest similar dose response to 
ARDUAN® as do adults on a pg/kg ABW basis. Children (1 to 14 years) under balanced 
anesthesia (4 studies in 57 children), or halothane anesthesia (2 studies in 29 children), may 
be less sensitive than adults. These conclusions come from studies involving titrating patient 
response by the incremental method to approximately 1.2 times ED,.. There are no data on 
either onset time or clinical duration of larger doses in infants or children. There are no data 
on maintenance dosing in infants and children. Pharmacokinetic studies in infants and chil- 
dren have not been performed; therefore no pharmacokinetic modeling of incremental dos- 
ing can be attempted. The use of ARDUAN® in neonates and infants below 3 months of age 
has not been investigated. Antagonism has not been systematically studied in infants or chil- 
dren. However, usual clinical doses of neostigmine administered following significant levels 
of spontaneous recovery (recovery of T, to more than 50% of control) produced complete 
antagonism of residual neuromuscular block in less than 10 minutes in the majority of cases. 
ADVERSE REACTIONS: The most frequent side effect of non-depolarizing blocking 
agents as a class is an extension of the drug’s pharmacological action beyond the time 
period needed for surgery and anesthesia. Clinical signs may vary from skeletal muscle 
weakness to profound and prolonged skeletal muscle paralysis resulting in respiratory insuffi- 
ciency or apnea. This may be due to the drug’s effect or inadequate antagonism. 

The following listings are based upon U.S. clinical studies involving nearly 600 patients uti- 
lizing a variety of premedications, varying lengths of surgical procedures, and various anes- 
thetic agents. 

Adverse experiences in greater than 1% of cases and judged by the investigator to have a 
possible causal relationship: clinically significant hypotension (2.5% of cases); clinically sig- 
nificant bradycardia (1.4% of cases). 

Adverse experiences in less than 1% of cases and judged by the investigator to have a 
possible causal relationship: 

Cardiovascular: hypertension, myocardicl ischemia, cerebrovascular accident, thrombo- 
sis, atrial fibrillation, ventricular extrasystole. 

Metabolic and Nutritional: increased creatinine, hypoglycemia, hyperkalemia. 
Musculoskeletal: muscle atrophy, difficult intubation. 

Nervous: hypesthesia, CNS depression. 

Respiratory: dyspnea, respiratory depression, laryngismus, atelectasis. 

Skin and Appendages: rash, urticaria. 

Urogenital System: anuria. 

HOW SUPPLIED: 10 mL vials containing 10 mg lyophilized pipecuronium bromide. Boxes 
of 6 (NDC 0052-0446-36) 10 mL vials containing 10 mg lyophilized pipecuronium bromide 
and 10 mL vials containing bacteriostatic water for injection, USP. Boxes of 6 (NDC 0052- 
0446-37) 

Storage: 2°-30°C (36°-86°F). Protect from light. 

After Reconstitution: When reconstituted with bacteriostatic water for injection, USP: 
CONTAINS BENZYL ALCOHOL, WHICH IS NOT INTENDED FOR USE IN NEWBORNS. 
Use within 5 days. May be stored at room temperature or refrigerated. 

When reconstituted with sterile water for injection or other compatible IV solutions: Refrig- 
erate vial. Use within 24 hours. Single use only. Discard unused portion. 
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Using any other introducer with a Swan-Ganz® catheter makes about as much sense. 


home a point about introducers. 
They're not all the same. 

Although a standard introducer will 
do in a pinch, it makes most sense to 
choose the introducer that will actually 

optimize catheter performance in the 
measurement of hemodynamic parameters. Yet still 
perform independently. 
The Intro-Flex™ Introducer from Edwards Critical-Care. 
Intro-Flex™ incorporates special polyurethane con- 
struction and a flexible hub to resist kinking. Insertion 
trauma is reduced, too, thanks to a finely tapered 
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sheath/dilator junction. Adding up to the kind of con- 
sistent performance and time-tested quality you’d expect 
from the first and only producer of Swan-Ganz® 
catheters. 

Its easy to find out more about the Intro-Flex™ 
Introducer. Just give us a call or consult your Edwards 
Critical-Care representative. Because when it comes 
to the in’s and out’s of flexibility, Intro-Flex™ is one intro- 
ducer that hits the nail on the head. Baxter Healthcare 
Corporation, Edwards Critical-Care Division, P.O. Box 
11150, Santa Ana, CA 92711-1150. Phone (714) 
250-2500/(800) 424-3278. 
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(A) GL 
SURGICAL 
PROCEDURES: 


THE ALFENTA 
ADVANTAGE 


*As with all potent oploids, 
appropriate postoperative 
monitoring should be employed 
to ensure that adequate 
spontaneous breathing Is 
established and maintained. 
The duration and degree of 
respiratory depression and 
increased alrway resistance 
usually increase with dose, but 
have also been observed at 
lower doses. Because of the 
possibility of delayed respiratory 
depression, monitoring of the 
patient must continue well 
after surgery. 


Before prescribing, please consult complete prescribing information, of which the following is 
a brief summary. 


CAUTION: Federal Law Prohibits Dispensing Without Prescription 
DESCRIPTION: ALFENTA is a sterile, non-pyrogenic, preservative free aqueous solution containing alfentanil 
hydrochloride senor to 500 ug per mi of alfentanil base for intravenous injection. The solution, which contains 
sodium chloride for isotonicity, has a pH range of 4.0-6.0. 
CONTRAINDICATIONS: ALFENTA (alfentanil hydrochloride) is contraindicated in patients with known hyper- 
sensitivity to the eug, 
WARNINGS: ALFENTA SHOULD BE ADMINISTERED ONLY BY PERSONS SPECIFICALLY TRAINED IN THE USE OF 
INTRAVENOUS AND GENERAL ANESTHETIC AGENTS AND IN THE MANAGEMENT OF RESPIRATORY EFFECTS OF 
POTENT OPIOIDS. AN OPIOID ANTAGONIST, RESUSCITATIVE AND INTUBATION EQUIPMENT AND OXYGEN SHOULD 
BE READILY AVAILABLE. BECAUSE OF THE POSSIBILITY OF DELAYED RESPIRATORY DEPRESSION, MONITORING 
OF THE PATIENT MUST CONTINUE WELL AFTER SURGERY. ALFENTA (alfentanil hydrochloride) administered in 
initial dosages up to 20 pg/kg may cause skeletal muscle rigidity, see pry of the truncal muscles. The incidence 
and severity of muscle rigidity is usually dose-related. Administration of ALFENTA at anesthetic induction dosages 
(above 130 g/kg) will coman produce muscular rigidity with an immediate onset. The onset of muscular 
rigidity occurs earlier than with other opioids. ALFENTA may produce muscular rigidity that involves all skeletal 
muscles, including those of the neck and extremities. The incidence may be reduced by: 1) routine methods of 
administration of neuromuscular blocking agents for balanced opioid anesthesia; 2) administration of up to of the 
full pean dose of a neuromuscular blocking agent just prior to administration of ALFENTA at dosages up to 
130 g/kg; following loss of consciousness, a full paralyzing dose of a neuromuscular blocking agent should be 
administered; or 3) simultaneous administration of ALFENTA and a full paralyzing dose of a neuromuscular blocking 
agent when ALFENTA is used in rapidly administered anesthetic dosages (above 130 pg/kg). The neuromuscular 
blocking agent used should be appropriate for the patient's cardiovascular status. Adequate facilities should be 
available for postoperative monitoring and ventilation of patients administered ALFENTA. It is essential that these 
facilities be fully equipped to handle all degrees of respiratory depression. 
PRECAUTIONS: DELAYED RESPIRATORY DEPRESSION, RESPIRATORY ARREST, BRADYCARDIA, ASYSTOLE, 
STI HYPOTENSION HAVE ALSO BEEN REPORTED. THEREFORE, VITAL SIGNS MUST BE MONITORED 
General: The initial dose of ALFENTA (alfentanil hydrochloride) should be appropriately reduced in elderly and 
debilitated patients. The effect of the initial dose should be considered in determining supplemental doses. In obese 
patients (more than 20% above ideal total body weight), the dosage of ALFENTA should be determined on the basis 
of lean body weight. In one clinical trial, the dose of ALFENTA required to produce anesthesia, as determined by 
appearance of delta waves in EEG, was 40% lower in geriatric patients than that needed in healthy young patients. 
In patients with compromised liver function and in geriatric patients, the plasma clearance of ALFENTA may be 
reduced and postoperative recovery may be “thet Induction doses of ALFENTA should be administered slowly 
(over three minutes). Administration may produce loss of vascular tone and hypotension. Consideration should be 
given to fluid replacement prior to induction. om administered immediately prior to or in conjunction with 
high doses of ALFENTA may produce vasodilation, hypotension and result in delayed recovery. Bradycardia produced 
by ALFENTA may be treated with atropine. Sevare bradycardia and asystole have been successfully treated with 
atropine and conventional resuscitative methods. The hemodynamic effects of a particular muscle relaxant and the 
degree of skeletal muscle relaxation required should be considered in the selection of a neuromuscular blocking 
nie Following an anesthetic induction dose of ALFENTA, requirements for volatile inhalation anesthetics or 
ALFENTA infusion are reduced by 30 to 50% for the first hour of maintenance. Administration of ALFENTA infusion 
should be discontinued at leas 10-15 minutes prior to the end of nrg Respiratory depression caused by opioid 
analgesics can be reversed by opioid antagonists such as naloxone. Because the duration of respiratory depression 
produced by ALFENTA may last longer than the duration of the opioid antagonist action, appropriate surveillance 
should be maintained. As with all potent opioids, profound analgesia is accompanied by respiratory depression and 
diminished sensitivity to CO, stimulation which may persist into or recur in the postoperative period. Intraoperative 
hyperventilation may further alter postoperative response to CO.. Appropriate postoperative monitoring should be 
employed, particularly after infusions and large doses of ALFENTA, to ensure that adequate spontaneous breathing 
is established and maintained in the absence of stimulation prior to discharging the patient from the recovery area. 
Head Injuries: ALFENTA w obscure the clinical course of patients with head injuries. 
Impaired Respiration: ALFENTA should be used with caution in patients with napel disease, decreased 
respiratory reserve or potentially compromised respiration. In such patients, opioids may additionally decrease 
respiratory drive and increase airway resistance. During anesthesia, this can be managed by assisted or controlled 
respiration. 
Impaired Hepatic or Renal Function: In patients with liver or kidney dysfunction, ALFENTA should be 
administered with caution due to the importance of these organs in the metabolism and excretion of ALFENTA. 
Drug Interactions: Both the magnitude and duration of central nervous system and cardiovascular effects may 
be enhanced when ALFENTA is administered in combination with other CNS depressants such as barbiturates, 
tranquilizers, opioids, or inhalation general anesthetics. Postoperative respiratory ay ah apa may be enhanced or 
prema’ by these agents. In such cases of combined treatment, the dose of one or both agents should be reduced. 
imited clinical experience indicates that requirements for volatile inhalation anesthetics are reduced by 30 to 50% 
for the first sixty (60) minutes following ALFENTA induction. The concomitant use of erythromycin with ALFENTA 





can significantly inhibit ALFENTA clearance and may increase the risk of prolonged or delayed respiratory depression. 


Perioperative administration of drugs affecting hepatic blood flow or enzyme function may reduce plasma clearance 
and prolong recovery, 

Carcinogenesis, Mutagenesis and impairment of Fertility: No lon — animal studies of ALFENTA have 
been performed to evaluate carcinogenic potential. The micronucleus test in female rats and the dominant lethal 
test in female and male mice revealed that single intravenous doses of ALFENTA as high as 20 mg/kg (approximately 
40 times the upper human dose) produced no structural chromosome mutations or induction of dominant lethal 
mutations. The Ames Sa/monella l pele metabolic activating test also revealed no mutagenic activity. 
Pregnancy Category C: ALFENTA has been shown to have an embryocidal effect in rats and rabbits when given 
in doses 2.5 times the upper human dose for a period of 10 days to over 30 days. These effects could have been due 
to maternal toxicity (decreased food consumption with increased mortality) following prolonged administration of 
the drug. No evidence of teratogenic effects has been observed after administration of ALFENTA in rats or rabbits. 
There are no adequate and well-controlled studies in hy: deg women. ALFENTA should be used during pregnancy 
only if the potential benefit justifies the potential risk to the fetus. 

Labor and Delivery: There are insufficient data to support the use of ALFENTA in labor and delivery. Placental 
transfer of the drug has been reported; therefore, use in labor and delivery is not recommended. 
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Alfenta 


(alfentanil HCI) Injection Œ 


For moment-to-moment 
control of stress responses 


RAPID ONSET 


Rapidly blocks sympathetic 
responses to induction 
and intubation 


SHORT DURATION 


Results in quick recovery 
of consciousness* 


RAPID RECOVERY 


Postoperative respiratory 
depression is of short 
duration* 





Nursing Mothers: In one study of nine women undergoing post-partum tubal ligation, significant levels of 
ALFENTA were detected in colostrum four hours after administration of 60 pg/kg of ALFENTA, with no detectable 
levels present after 28 hours. Caution should be exercised when ALFENTA is administered to a nursing woman. 
Pediatric Use: Adequate data to support the use of ALFENTA in children under 12 years of age are not presently 
available. 

ADVERSE REACTIONS: The most common adverse reactions, respiratory depression and skeletal muscle rigidity, 
are extensions of known asiler os effects of opioids. See CLINICAL PHARMACOLOGY, WARNINGS and 
PRECAUTIONS on the management of respiratory depression and skeletal muscle rigidity. Delayed respirato 
depression, respiratory arrest, bradycardia, asystole, arrhythmias and hypotension have also been reported. The 
reported incidences of adverse reactions listed in the following table are derived from controlled and open clinical 
trials involving 1183 patients, of whom 785 received ALFENTA. The controlled trials involved treatment comparisons 
with fentanyl, thiopental sodium, enflurane, saline placebo and halothane. incidences are based on disturbing and 
nondisturbing adverse reactions reported. The comparative incidence of certain side effects is influenced by the 
type of use, e.g., chest wall rigidity has a higher reported incidence in clinical trials of alfentanil induction, and by 
the type of surgery, e.g., nausea and vomiting have a higher incidence in patients undergoing gynecologic surgery. 


ALFENTA Bart Thiopental Sodium Enflurane Halothane Saline Placebo” 
) 





Percen (N=785) (N=24 (N=66) N=55) (N=18) (N=18) 
Gastrointestinal 
Nausea 28 44 14 5 0 22 
Vomiting 18 31 11 9 13 17 
Cardiovascular 
Bradycardia 14 7 8 0 0 0 
Tachycardia 12 12 39 36 31 11 
Hypotension 10 8 7 7 0 0 
Hypertension 18 13 30 20 6 0 
Arrhythmia 2 2 5 4 6 0 
Musculoskeletal 
Chest Wall 17 12 0 0 0 0 
Rigidity 
Skeletal Muscle 6 2 6 2 0 0 
Movements 
Respiratory 
Apnea 7 0 0 0 0 0 
Postoperative 2 2 0 0 0 0 
Respiratory 
Depression 
Dizziness 3 5 0 0 0 0 
Sleepiness/ 2 8 2 0 0 6 
Postoperative 
Sedation 
Blurred Vision 2 2 0 0 0 0 


"From two Clinical trials, one involving supplemented balanced barbiturate / nitrous oxide anesthesia and one in 
healthy volunteers who did not undergo surgery. 


In addition, other adverse reactions less frequently reported (1% or less) were: Laryngospasm, bronchospasm, 
postoperative confusion, headache, shivering, postoperative euphoria, hypercarbia, pain on injection, urticaria, and 
itching. Some degree of skeletal muscle [esr should be expected with induction doses of ALFENTA. 

DRUG ABUSE AND DEPENDENCE: ALFENTA (alfentanil hydrochloride) is a Schedule Il controlled drug substance 
that can produce drug dependence of the morphine type and therefore has the potential for being abused. 
OVERDOSAGE: Overdosage would be manifested by extension of the shahra yet actions of ALFENTA 
(alfentanil hydrochloride Vee CLINICAL PHARMACOLOGY) as with other potent opioid tas No experience of 
overdosage with ALFENTA was reported during clinical trials. The intravengus LDso of ALFENTA is 43.0-50.9 mg/kg 
in rats, 72.2-73.6 mg/kg in mice, 71.8-81.9 mg/kg in pegs pigs and 59.5-87.5 mg/kg in dogs. Intravenous adminis- 
tration of an opioid antagonist such as naloxone should be employed as a specific antidote to manage respiratory 
depression. The duration of respiratory depression following overdosage with ALFENTA may be longer than the 
duration of action of the opioid antagonist. Administration of an opioid antagonist should not preclude immediate 
establishment of a patent airway, administration of oxygen, and assisted or controlled ventilation as indicated for 
hypoventilation or apnea. If respiratory depression is associated with muscular A a a neuromuscular blocking 
agent may be required to facilitate assisted or controlled ventilation. Intravenous fluids and vasoactive agents may 
be required to manage hemodynamic instability. l SEEREN 
DOSAGE AND ADMINISTRATION: The dosage of ALFENTA (alfentanil hydrochloride) should be individualized in 
each patient according to body weight, physical status, underlying pathological condition, use of other drugs, and 
type and duration of surgical procedure and anesthesia. In obese patients (more than 20% above ideal total body 
weight), the dosage of ALFENTA should be determined on the basis of lean body weight. The dose of ALFENTA 
should be reduced in elderly or debilitated patients (see PRECAUTIONS). Vital signs should be monitored routinely. 
Protect from light. Store at room temperature 15°-30° C (59°-86° F). 
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A synergy of effects and 
advantages 


Co-induction—when two or more agents rather 

than one are used for induction—may offer clinical 

benefits if there is anesthetic synergy. Specifically, 

subanesthetic doses of each agent may produce 

a prompt, short-acting effect with more stable 
hemodynamics than one 


agent alone. ' 
A classic example of 
pa synergy is mutual enhance- 
ment of receptor-site affin- 
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such as VERSED may alter 
barbiturate receptors in a 
way that enhances barbi- 
turate effects. Likewise, a 


barbiturate may potentiate 
a benzodiazepine by acting at its receptor sites.** 


Lower doses of both agents 


Several studies have shown that a small initial dose of 
VERSED will allow lower induction doses of thiopental, 
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In one study of 90 unpremedicated ASA Class | & II 
patients, co-induction with VERSED followed by thiopen- 
tal required just 1/4 of each drug’s usual EDzo.° 
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2. Inform your physician if you are pregnant or are planning to become pregnant. 

3. Inform your physician If you are 

Drug interactions: The sedative aoc of [V VERSED Is accentuated by premedlostion, 
ne, fentanyl) and also sacobarbital and 

dol). Coins adjust the dosage according to the 

type and amount of premedication. 
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concentration (MAC) of 

ee ee This decrease correlates with the dose of 

Although the possibility of minor interactive effects has not been fully studied, 

VERSED and pancuronium have been used together in patients without noting 

Clinically significant changes in dosage, onset or duration. VERSED does not protect 

again Circulatory changes noted after administration of succinyl- 
increased intracranial 
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Clinical laboratory test resutts. 

Carcinogenesis, impairment of forty: Midazolam maleate was admin- 
istered to mice and rats for two years. At the highest dose (80 mg/kg/day} female 
mice had a marked Increase In incidence of hepatic tumors and maie rate had a smak 
but significant Increase in benign thyroid follicular cell tumors. These tumors were 
found after chronic use, whereas human use will ordinarily be of single or several 


doses. 

Midazolam did not have mutagenic activity In tests that were conducted. 

A reproduction study in rats did not show any impairment of fertility at up to ten times 
the human IV dose. 

Pregnancy: Teratogenic offects: Category D. See WARNINGS section. 
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Iyectable VERSED is ecrstred to a nursing woman 

effectiveness in chidren below the age of 18 have not been 


ADVERSE REACTIONS: See WARNINGS conceming serious cardioresptra- 
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folowing IV and 10.8% ee pal beled nit da apnea (15.4% of 
patients following IV administration), as well as variations In blood pressure and pulse 
rate. 
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Drug Abuse and ; Available data concerning the drug abuse and depen- 
dence potential of midazolam suggest that ts abuse potential Is at least equivalent to 
that of diazepam. 

OVERDOSAGE: Manifestations would resemble those observed with othar benzodi- 
azeoines (e.g., sedation, somnolence, confusion, coordination, diminisned 
reflexes, coma, untoward effects on vital signs). No specific organ toxicity would be 


expected, 
DOSAGE AND ADMINISTRATION: VERSED Is a potent sedative agent which 
requires stow administration and Individualization of dosage. Clinica! expert 
enoe has shown VERSED to be 3 to 4 times as potent per mg as diazepam. 
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Needles: A Sticky 
Situation for 
U.S. Healthcare. 


Healthcare workers in Americ 
are facing an epidemic problem - 
needle sticks. Each year thousands 
of healthcare workers are 
accidentally stuck in hospitals, 
nursing home, «ics and ir 
general practice. se needle sticks 
can lead to very ous infections, 
with at least 20 ‘ent pathogens 


having been ider as transmitte< 
in this way. 

In fact, t ew Englan 
Journal of M~ ~yrted in 1 
August 4th isst ) that as mar 
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200 to 300 deaths a year to 
healthcare providers. And the 
number is growing every year. Add 


__ to this fact that the danger is now 


_ vunded by the AIDS virus and 
can see just how critical 
inating needles truly is. 
According to the Center for 
ease Control in Atlanta, 
rgia, a healthcare professional 
s a one in 200 chance of 
itracting AIDS from a 
-aminated needle and industry 
‘ces report that over 800,000 


We sticks occur each year in 

tals alone. With these kinds of 

it is no wonder that the 

2l care professions are seeking 


ons to this massive problem. 

[o look at the problem from 
er point of view, consider the 
f this epidemic. It is estimated 
etween $400 million and $1.0 
n is spent per year in direct 
arising from needle sticks and 
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this range does not include treatment 
or loss of work. In other words, 
aside from the human suffering 
associated with the infamous needle 
stick, the pocket book is infected, 
too. 

One of the solutions to this huge 
problem facing the healthcare field 
today is the reduction of the total 
number of needles used in practice. 
One example of how the demand for 
needles can be reduced is the 
utilization of I.V. sets that provide 
luer connections which do not 
require needles. 

With more than an estimated 
l-million needle sticks per year, the 
situation is getting worse, not better. 
Until a solution is found, the 
American healthcare system will be 
under siege from the needle. What 
was once designed to deliver healing 
is now dealing misery - the needle: a 
sticky situation the U.S. healthcare 
profession must face. 
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Statistically significant variations 
in blood pressure, cardiac output, 
and systemic vascular resistance. ! 
(P<,.05) 






No significant variations in blood 
pressure, Cardiac output, or 
systemic vascular resistance. ! 
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Precautions advised for patients 
in whom substantial histamine 
release would be hazardous 
(eg, clinically significant 
cardiovascular disease, asthma)® 







Available clinical experience 
indicates that reactions commonly 
associated with histamine release 
are unlikely to occur.!4 
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35—45 min 
60-70 min? 


—45 min? 
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§ Plus optional extra mock oral exam and video replay days February 9-11 and April 5-7. 


Dear Fellow Physician: 


Dr. Smith (not his real name) failed his oral 
boards several times. His group was satisfied 
with his work but his job depended on his being 
board certified. He was only eligible to take the 
exam one more time. A friend advised him to 
take the Osler Institute’s Anesthesiology Board 
Review Course. 


Home Study Questions 


Before the course, we sent him several hun- 
dred pages of multiple choice questions and 
keywords with answers and explanations. This 
was information given to us by past partici- 
pants. Today, we also have a collection of 
mock-oral-exam stem cases and related ques- 
tions to send to you. 


Free Sample Offer 
We offer to send you a gift without obligation: 


a free sample of our multiple choice questions - 


or our mock oral cases. We would like to share 
these with you, whether or not you take our 
course. Please request on course registration 
form. 


Complete Syllabus 


We can also send you a copy of a previous 
course syllabus. Our price to you is $60 (about 
our production cost). The supply is limited. 
Those registering for the six-day lecture course 
also will receive several hundred pages of cur- 
rent lecture notes and all home study materials 
at no extra charge. 


Great Lectures 


At the course, Dr. Smith enjoyed six days of 
outstanding lectures by some of the best-known 
teachers in anesthesiology — as well as several 
outstanding junior faculty who had been asked 
back because of their excellent evaluation 
scores. Also, several new faculty had been 
recommended for their speaking ability. 


Mock oral exam days only 


Some of the lectures were of little use to Dr. 
Smith — he was regarded as an expert in his 
field; he could have given several of the lec- 
tures himself. Knowledge was not his problem; 
his problem was presenting his knowledge in 
the oral exam. He skipped several lectures to 
attend mock oral exams. 


Mock Oral Exams 


The first day of the course, a recently retired 
board examiner explained the philosophy, pro- 
cess, and scoring of the real oral exam. Each 
evening, and concurrent with most lectures, 
there were mock oral exams for Dr. Smith. 
These were group sessions with one participant 
on the hot seat for about 25 minutes while 
others watched. Each participant was entitled 
to a turn in the hot seat as well as unlimited 
observation of the others. 


When Dr. Smith took the hot seat his heart 
quickened, his palms sweated, and his hands 
shook. The faculty presented a stem question, 
paused a moment, then asked the first question. 
Dr. Smith opened his mouth, but his tongue was 
thick and dry. He stammered and stuttered — 
failed to form even a sentence — just as when he 
failed the real oral exam. But this time was 
different — the faculty coached and encouraged 
him. His panic passed and his performance 
improved. 


Extra Mock Orals 


To meet requests for additional mock oral 
exams, we provide extra faculty time. Extra 
exam fees (per half-hour) are in addition to the 
course fee: public exam $70; dual examiner 
session $140; private exam $100. Video taping 
your exam, for you to review, is free. 


Your Individual Needs 


The quality of our courses has given us 
growth. Growth has helped us improve to mect 
your individual needs. For a course fee of $750 


Mail today to: 


1094 Dawn Lane, Dept. 111B 
P.O. Box 2218 
Terre Haute, IN 47802 


Limited Enrollment: ANESTHESIOLOGY REVIEW COURSE REGISTRATION 








Name 

Address 

City/State LJ February 3-8, 1992 — Ft. Lauderdale 
Zip tione [C] February14-17, 1992 — Las Vegas 


C] Mar. 30-Apr. 4, 1992 — San Francisco 
O July 4-9, 1992 — Chicago 
O August, 1992 -TBA 
LJ September 14-19, 1992 — Boston 
LJ Check enclosed for $ 
[C] Please send FREE SAMPLE 


at the Board Review, you may choose between 
a large lecture or watching mock orals limited 
to 24. One exam is part of the course, and you 
may purchase others. 


Oral Exams Tutorial 


At the Board Review in Ft. Lauderdale, lec- 
tures will end on Saturday, February 8, and the 
oral board exams will follow Monday through 
Friday. Sunday through Tuesday, February 
9-11, we will offer mock-orals-only days. For 
a course fee of $160 per day you will receive 
one 25-minute session in the hot seat each day | 
and observation of 20 fresh stem cases (in groups — 
limited to 24 participants). You may buy extra 
public or private mock orals at each course. 


Passing Your Boards 


Will our course help you pass your boards? 
Dr. Smith passed his oral exam the week after 
our course. A candidate calling to register for 
Osler’s course told us: 


“Five of my partners took your course; 
they all passed their oral boards; and 
they all recommended your course.” 


One of our faculty reported: 


“All of my residents who took your 
course passed their boards.” 


Unconditional Guarantee 


We guarantee, unconditionally, that if you fail , 
your oral exam, we will refund half of your 
course fee. If you fail, you may repeat next year 
for FREE any part of these courses which you 
take in February of 1992. You don’t have to 
take two courses or buy more mock orals than 
you need to keep this guarantee. 


We don’t claim that taking our course will 
make the difference between passing and fail- 
ing. However, many of our participants tell us 
the course was helpful for their board exams. 


We look forward to meeting you at our 
courses and helping you pass your board 
exams. 


Cordially, 


ae 


Joseph H. Selliken, Jr., M.D. 
P.S. For information and reservations 


Call Today: 


(800) 356-7537 
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Optimal induction produces 1) unconsciousness and 

2) a rapid progression to a state of anesthesia, with 

maintenance of stable cardiovascular functioning.’ 

However, even though high doses of hypnotics— 

such as thiopental or propofol—can achieve both 

endpoints, they can also cause significant hemo- 

dynamic changes. Therefore, it may be advanta- 
geous to manage hypnosis and 
anesthesia sequentially by 


employing a combination of 
function-specific agents. 
Indeed, VERSED given 
in combination with a second 
agent can achieve hypnosis 
through the synergistic inter- 
ae action of subanesthetic 
doses,** the goal being to 
maximize desired effects and 
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reduce the undesired. 


The advantage of co-induction 


It is well established that induction agents potentiate 
each other when given in combination. One quarter 
of the hypnotic ED;,. of VERSED can reduce the hyp- 
notic EDs of thiopental by as much as 75%.” 
However, this degree of reduction occurs when 
thiopental is given one minute after VERSED, thereby 
achieving synchronous peak effects. The magnitude 
of interaction diminishes as the interval between the 
administration of the co-induction agents lengthens. 


Dosing considerations with 
VERSED’ (midazolam HCl/Roche) @ 


When VERSED is used before other intravenous agents for induction of 
anesthesia, the initial dose of each agent may be significantly reduced, at 
times to as low as 25% of the usual initial dose of the individual agents. 

As a standard precaution, prior to I.V. administration of VERSED in 
any dose, oxygen and resuscitative equipment should be immediately 
available. VERSED should be used as an induction agent only by persons 
trained in anesthesiology and who are familiar with all dosing and adminis- 
tration guidelines. Reduce dosage in elderly or debilitated patients, in pa- 
tients receiving narcotic premedication and in those with limited pulmonary 
reserve. 

It is recommended that patients do not drive or operate hazardous 
machinery after receiving VERSED until the effects of the drug (e.g., drow- 
siness) are gone or until the day after anesthesia, whichever is longer. 

The decision must be individualized. 


IDEAS IN ANESTHESIA 


AN ONGOING SERIES 


Please see summary of product information on following page. 
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VERSED* 
(midazolam HCV/Roche) & 
INJECTION 


Before prescribing, please consult complete product Information, a summary 


ous monitoring of respiratory and cardiac function. immediate avelability of 
resuscitative and equipment and personnel trained in their use should be 


drugs 
assured. (See WARNINGS.) 


The initia! intravenous dose for consclous sedation may be as Iittie as 1 mg, but 
should not axceed 2.5 mg in a normal healthy adult. Lower doses are necessary 
for cider (over 60 years) or debilitated patients and in patients receiving concor- 
tant narcotics or other CNS depressants. The Initial dose and all subsequent doses 
stould never be given as a bolus; administer over at least 2 minutes and allow an 
additional 2 or more minutes to fully evaluate the sedative effect. The use of the 

1 mg/mL focmutation or dilution of the 1 mg/mL or 5 mg/mL formuiation is recom- 
meanded to facilitate shower injection. Consult complete product information under 
DOSAGE AND ADMINISTRATION for completa dosing information. 


CONTRAINDICATIONS: Patients with known hypersensitivity to the drug. 
Benzodiazep nee are contraindicated in patients with acute narrow angie glaucoma; 
may be used in open angle glaucoma only if patients are receiving appropriate 


therapy. 

WARNINGS: Never use without Individuaization of dosage. Prior to IV use in 
any dose, ensure immediate availabilty of oxygen, resuscitative equipment 
and akified personnel for maintenance of a patent airway and support of 
ventilation. sc eles Al el He lpr rp li 
which can lead to hypoxta/cardlac arrest unless effective countermeasures 
are taken Immediately. Vital signs should continue to be monitored during the 
recovery period. Because [V VERSED depreeses respiration, and opioki agonists and 
other sedatives can add to this depreesion, it should be administered as an induction 
pee sha tas gel ames ihc octane led are ein 
scious sedation only in the presence of personnel skied in eariy detection of under- 
ventilation, maintaining a patent airway and supporting ventilation. For conscious 
sedation, do not administer IV by rapid or single bolus. Serious cardiorespiratory 
adverse events have occurred. These have included respiratory depression, apnea, 
respiratory arrest and/or cardiac arrest, sometimes resulting In death. There have 
been rare recorts of hypotensive episodes requiring treatment during or after diagnos- 
tic or surgical manipulations in patients who have received VERSED. Hypotension 
Coe ett Ie OTS eet Seen poms 


: these reactions occur, reedonse to each: 
dose of VERSED and afl other drugs should be evaluated before proceeding. 
Concomitant use of barbiturates, alcoho! or other CNS depressants may increase the 
risk of uncerventilation or apnea and may contribute to profound and/or prolonged 
drug effect. Narcotic premedication also depresses the ventilatory response to carbon 
dioxide stimulation. 


desta arse dt ee ee e 
of enesthesia, premedicated with chronk: obstructive 


syst O88ge 
to decrease with age, reduce Initial dosage and consider possibility of a profound 
and/or profor.ged effect. 
Do not admirister in shock, coma, acute alcohol Intoxication with depression of vital 
De EEE eee 
uncompensated acute linesses, er eka al atoll da isturbances. 
Guard againet unintended Intra-artertal infection; hazards in humans unknown. Avoid 
extravasation. 


Grose tests of recovery from the effects of VERSED cannot alone predict reaction 
time under stress. This drug Is never used alone during anesthesia, and the contribu- 
tior: of other drugs and events can vary. The decision as to when 

pat ents may engage in activities requiring mental alertness must be individualized; it is 
recommended that no patient should operate hazardous machinery or a motor 
vahicie until the effects of the drug, such as drowsiness, have subsided or until the _ 


i ‘olderty and debilitated 
natania. Thess patena Wi alaa pronabiy take nae’ io tector comletelalter 
VERSED for hduction of anesthesia. 


VERSED does not protect against increased intracranial pressure or against the heart 
rate rise and/or blood pressure rise associated with endotracheal intubation under 
anestheela. 


the following information and instructions to 


when 
be sxercised regarding simuttaneous Ingestion of alcohol and benzodlazapines. 
2. Informn your physician if you are pregnant or are planning to become pregnant. 








VERSED” (midazolam HCi/Roche) 


3. inform your physician if you are nursing. 
ee a a a a a a 
particularly narcotics le. g., morphine, meperidine, fontanyi) and also secobarbital and 
innovar (fentanyl and droperidol). Consequently, adjust the dosage according to the 
P t of pramedication. 

A moderate reduction in ind duction dosage requirements of thiopental (about 15%) has 


IV administration of VERSED decreases the minimum alveolar concentration (MAC) of 
ig decrease correlates with the dose of 


Aithough the possibility of minor Interactive effects has not been fully studied, 
VERSED and pancuronlum have been used together In patients without noting 
clinically significant changes in dosage, onset or duration. VERSED does not protect 
against the characteristic circulatory changes noted after administration of succinyl- 
choline or pancuronium, or against the Increased Intracranial 


Drug/leboratory test interactions: Midazolam has not been shown to interfere with 
Clinical laboratory test results. 

Carcinogenesis, mutagenesis, impairment of fartiity: Midazolam maleate was admin- 
istered to mice and rats for two years. At the highest dose (80 mg/kg/day) female 
mice had a marked Increase in Incidence of tumors and mate rats had a small 
but significant increase in benign thyroid follicular cef tumors. These tumors were 
ere ea eae ren ene eae ae 
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A reproduction study in rats did not show any Impelrment of fertility at up to ten times 
the human IV dose. 
Pregnancy: Teratogenic effects: Pragnancy Category D. See WARNINGS section. 
Midazolam maisate injectabis, at 5 and 10 times the human dose, did not show 
evidence of teratogenicity in rabbits and rats. 

Labor and delivery: Use in obstetrics has not bean evaluated. Becauss midazolam Is 
pra E T sper oh array ool ley 
weeks of pregnancy have resulted in neonatal CNS depression, VERSED is 
recommended for obstetrical use. 

Nursing mothers: tt is not known whether midazolam Is excreted In human milk, 
Because many drugs are excreted in human milk, caution shoutd be exercised whan 
injectable VERSED is administered to a nursing woman. 

oe Safety and effectiveness in children below the age of 18 have not been 


ADVERSE REACTIONS: See WARNINGS conceming serious cardiorespira- 
reactions. Fuctuations 


following NV and 10.8% of patients following IM administration) and apnea (15.4% of 
Pente pog IV administration), as well as vartations in blood pressura and pulse 


E headache (1.3%); local effects at IM site: pain (3.7%), indura- 
tion (0.5%), redness (0.5%), muscie stiffness (0.396). Following IV administration: 

he (3.9%), nausea (2.8%), vomiting (2.6%), (1.3%), “oversedation’” 
(1.6%), headache (1.5%), drowsiness (1.2%); local effects at the [V site: tendemess 
(5.6%), pain during injection (5.0%), radness (2.6%), induration (1.7%), phlebitis 
(0.4%). Other effects (<1 %) mainly following IV administration: Respratory: 


paresthesia. ; 

movements of eyelids, visual disturbance, difficulty focusing eyes, ears blocked, loss 
of balance, lightheadaciness. Integumentary: Hives, hive-like elevation at injection site, 
swelling or feeling of burning, warmth or coldness at infection site, rash, pruritus. 
Miscaflansous: Yawning, lethargy, chis, weakness, toothache, folint:feeing; 


hematoma. 

Drug Abuse and : Available data concerning the drug abuse and depen- 
dance potential of suggest that its abuse potential is at least equivalent to 
that of 


OVERDOSAGE: Manifestations would resemble those observed with other benzod!- 

azepines fag., sedation, somnolenca, confusion, impaired coordination, diminished 

reflexes, coma, untoward effects on vital signs). No specific organ toxicity would be 
ed. 


expect 

DOSAGE AND ADMINISTRATION: VERSED Is a potent sedative agent which 
requires slow administration and indhviduallzation of dosage. Clinical expert- 
ence has shown VERSED to be 3 to 4 timeas as potent per mg as diazepam. 
BECAUSE SERIOUS AND LIFE-THREATENING CARDIORESPIRATORY 
ADVERSE EVENTS HAVE BEEN REPORTED, PROVISION FOR MONITORING, 
DETECTION AND CORRECTION OF THESE REACTIONS MUST BE MADE 
FOR EVERY PATIENT TO WHOM VERSED INJECTION IS ADMINISTERED, 
REGARDLESS OF AGE OR HEALTH STATUS. Excess doses or rapid or singie 
bolus intravenous adininistration may result In respiratory depreasion and/or 
arrest. (See WARNINGS.) Prior to use refer to the DOSAGE AND ADMINIS- 
TRATION section in the complete product Information. 
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The Osler Institute 
Anesthesiology Boards Review Course 


With Unconditional Guarantee to Pass Your Oral Exams 
§September 30-October 5, 1991 — Tarpon Springs 


February, 1992 — Las Vegas 


OBJECTIVES 


è Improve basic and clinical knowledge of anesthesiology 


e Assist residents and fellows to better organize for further study 


è Prepare candidates to take their written and oral exams 


Chicago 
METHODS 


§March 30-April 4, 1992 — San Francisco 
July 4-9, 1992 — | 


e HOME STUDY questions, answers, and keywords 


e SEMINAR with projection slides and syllabus 


@ PRACTICE EXAMS with oral and written parts 
§Plus optional extra mock oral exams and video replay days October 6-8, 1991, and April 5-7, 1992. 


"The faculty was outstanding. The most pleasant thing was learning a tremendous amount, 
not only from world-famous authorities but from people who are relatively unknown as well."* 


REGIONAL ANESTHESIA 
Local Anesthetics 
Autonomic Blocks 
Spinal and Epidural Blocks 
Caudal Blocks 
Upper Extremity Blocks 
Lower Extremity Blocks 
Chronic Pain Management 


SPECIALTY AREAS 
Obstetric Anesthesia 
Pediatric Anesthesia 
Cardiac Anesthesia 
Thoracic Anesthesia 
Neuroanesthesia 
Ophthalmic & E.N.T. 
Geriatric and Outpatients 
Critical Care 


PHYSIOLOGY 
Respiratory Physiology 
Cardiovascular Physiology 
Neurophysiology 
Hepatic Physiology 
Renal Physiology 
Acid-Base and Blood Gas 
Endocrine Physiology 
Thermoregulation 


PHARMACOLOGY 
Pharmacokinetics 
Inhalation Anesthetics 
Intravenous Anesthetics 
Muscle Relaxants 
Autonomic Drugs 
Central Nervous Drugs 
Cardiac & Diuretic Drugs 
Interactions & Genetics 


PHYSICAL SCIENCES 
Applied Anatomy 
Physics and Gas Laws 
Anesthesia Machines 
Instrumentation 
Monitors and Ventilators 
Breathing Systems 
Defibrillators and Pacers 


FUNDAMENTALS 
Preop. Evaluation & Prep. 
Patient Monitoring 
Airway Management 
Fluid and Blood Therapy 
Cardiopulmonary Disease 
Hepatic & Renal Disease 
Metabolic Disease 
Recovery Room 


Faculty 
Solomon Aronson, M.D. 
University of Chicago 
Jonathan Benumof, M.D. 
Univ. of California, San Diego 
Jerry Berger, M.D. 
University of Florida 
George Bikhazi, M.D. 
University of Miami 
David Bjoraker, M.D. 
University of Florida 
T.A. Bowdle, M.D., Ph.D. 
University of Washington 
Joanne Conroy, M.D. 
University of South Carolina 
Hernando DeSoto, M.D. 
Riverside Hosp., Jacksonville 


Name __ 
Address 
City/State 
Phone 


Mail today to: 


1094 Dawn Lane, Dept. 19B 
P.O. Box 2218 
Terre Haute, IN 47802 


Zip 


Limited Enrollment: ANESTHESIOLOGY REVIEW COURSE REGISTRATION 


LJ Sept. 30-Oct. 8 - Tarpon Springs 
E February, 1992 — Las Vegas 
C] Mar. 30-Apr. 4, 1992 — San Francisco 
C] July 4-9, 1992 — Chicago 
a August, 1992 -TBA 
C September 14-19, 1992 
[C] Check enclosed for $ 
[C] Please send FREE SAMPLE 


Elizabeth Frost, M.D. 
Albert Einstein University 
Michael Good, M.D. 
University of South Florida 
Carl Hess, M.D. 

Univ. of California, Irvine 
Niels Jensen, M.D. 
University of Iowa 
Richard Jung, M.D. 

Univ. of California, Irvine 
Jordan Katz, M.D. 

Univ. of Calif., San Diego 
Eugene Lipov, M.D. 

Rush Medical College 
David Lubarsky, M.D. 
Duke University 


Rafael Miguel, M.D. 


University of South Florida 
Terence Murphy, M.D. 
University of Washington 
Danae Powers, M.D. 
Emory University 


M. Nabil Rashad, M.D., Ph.D. 


Baylor College of Medicine 
Michael Ritter, M.D. 

St. John’s Mercy, St. Louis 
David Rothenberg, M.D. 
Rush Medical College 

Ramez Salem, M.D. 
University of Illinois, Chicago 
Daniel Siker, M.D. 

Medical College of Wisconsin 
Barry Strauss, M.D. 

Jones Mem. Hosp., Atlanta 
Kenneth Zahl, M.D. a 
Columbia University 


— Boston 


" [the course] made the difference for me.'* 


UNCONDITIONAL GUARANTEE: We 
guarantee if you fail your oral exam, we will 
refund half of your course fee. Also, you may 
repeat for FREE any Osler course you have 
taken from August through October 1991 at 
rates in this announcement. 

"I feel [the course] helped me pass....'* 
PROGRAM: These courses are designed to 
prepare you for your board exams. At the fall 
course, one-on-one mock oral exams are held 
concurrent with most lectures. October 6-8 — 
and April 5-7 are mock orals only, limited to 24 
participants, with each participant assured a 
mock oral per day and observation of all non- 
private exams. You may purchase additional 
public or private mock oral exams. 


"Accommodations were comfortable....'* 


LOCATION: The September course will be 
at the Innisbrook Resort, Tarpon Springs. On 
the pre-course weekend, September 28-29, In- 
nisbrook will hold special golf and tennis 
tournaments for Osler participants. 

Our group room rates are $126 single and $162 
double — suites are $131 to $151 single and 
$168 to $188 double. These discount rates 
extend through October 11 of exam week. 


"the most education for the money.'* 


COURSE AND MOCK ORALS FEES: 
è 6 day lectures and mock orals: 
Resident or Fellow: 
Repeating course within 3 years: 
© Per day (10 hours of mock orals, 
limited to 24 participants): 

è Single examiner mock oral exam: 

è Dual examiner mock oral exam: 

è Surcharge for private exam: 30 

è Attendees not in course hotel add $20/day. 

"home study material was extremely helpfil.'* 

ACCREDITATION: 

The University of Washington School of 
Medicine is accredited by the Accreditation 
Council for Continuing Medical Education 
(ACCME) to sponsor continuing medical 
education for physicians. 

è The University of Washington School of 
Medicine designates this Continuing Medi- 
cal Education activity for up to 90 credit 
hours in Category 1 of the Physician’s 
Recognition Award of the American Medi- 
cal Association. 


"remarkably complete and pleasant.'* 
CALL NOW: 


(800) 356-7537 


* Comments by past Osler participants 





COMPLETE YOUR ANESTHESIOLOGY 
LIBRARY WITH THESE TITLES FROM 
MOSBY-YEAR BOOK! | 


ANESTHESIA AND PERIOPERATIVE COMPLICATIONS 

Jonathan L. Benumof, M.D. and Lawrence J. Saidman, M.D.; with 20 contributors. 

When a patient is under anesthesia you have to be ready for any complications that might crop up and you 
need a comprehensive resource to help you through it. Written by two of the most famous and 
well-respected anesthesiologists in the world, this text addresses the problems you may face. 


* Covers problems that are brought on by the procedures themselves, equipment failure, drugs, transport 
and positioning and more. 


* Describes the causes and treatment of systemic complications with problem-oriented chapters centered 
around organ systems. 


e Expounds on complications caused by anesthesia and also those caused by the disease process. 
October 1991. Approx. 648 pages, 155 ills. (Book Code: 00586) 

New! 

PRINCIPLES AND PRACTICE OF ANESTHESIOLOGY 

Mark C. Rogers, M.D.; John H. Tinker, M.D.; and Benjamin B. Covino, M.D. 

e Comprehensively covers the clinical practice of anesthesiology providing the foundation to the science. 


* Provides clearly written, detailed explanations of clinically oriented D matter. 
December 1991. Approx. 2,000 pages, 800 ills. and 400 tables. (Book Code: 05818) 


New! 

THE ANESTHETIC PLAN: From Physiologic Principles to Clinical Strategies 
Stanley Muravchick, M.D., Ph.D ; 

* Reviews the planning of an anesthetic outcome and risk of anesthesia. 


¢ Identifies (where possible) the critical choices which may influence the results of anesthesia and may, 
occasionally, determine the ultimate fate of the surgical patient. 
1991. 438 pages, 63 ills. (Book Code: 20348) 


New! 

THE PEDIATRIC ANESTHESIA HANDBOOK 

Charlotte Bell, M.D.; Cynthia Hughes, M.D.; and Tae Hee Oh, M.D.; with 27 contributors. 

e Provides clear cut guidelines for procedures highlighted by illustrations, outlines, and charts. 

¢ Covers normal neonatal development and physiology and operative management for all types of 


operations. 
1991. 640 pages, 52 ills. (Book Code: 00230) 
New! 


THE 1991 YEAR BOOK OF ANESTHESIA 
Ronald D. Miller, M.D.; Robert R. Kirby, M.D.; Gerard W. Ostheimer, M.D.; Michael F. Roizen, M.D.; and 
Robert K. Stoelting, M.D. 


¢ Topics include the operating room environment, toxicity of anesthetics and the risk of hepatitis, AIDS 
and the risk to operating room personnel, and also the cost and efficiency of using the operating room. 
August 1991. Approx. 400 pages, 90 ills. (Book Code: 22137) 


PERIOPERATIVE CARDIAC DYSRHYTHMIAS: Mechanisms, Recognition and 


Management, 2nd Edition 
John L. Atlee III, M.D. 
* Offers practical information for care of surgical patients who are either pre-, intra- or postoperative. 


¢ Includes new material on nonpharmacologic dysrhythmia management and related information. 
1990. 462 pages, 197 ills. (Book Code: 09887) 


PERIOPERATIVE MANAGEMENT | 
Michael J. Breslow, M.D.; Clair F. Miller, M.D.; and Mark C. Rogers, M.D.; with 35 contributors. 


e Provides practical and succinct advice a need when involved in perioperative care. 
1990. 472 pages, 142 ills. (Book Code: 05049) 


_™ 


New 2nd Edition! 

PRACTICAL MANAGEMENT OF PAIN 

P. Privithi Raj, M.D.; with 55 contributors. 

Practical in its approach, this is the only truly comprehensive reference on the subject of pain management. 
The text contains concise descriptions of pain mechanisms, pain syndromes, rationales for management, 
and treatment modalities. 

* Comprehensively covers every aspect of pain in a practical and clinically useful way. 


¢ Chapters new to this edition include the Anatomy and Physiology of Pain Pathways, Disability Evaluation, 
Psychological Examination, Evoked Potentials, Pain in AIDS Patients, Coccygodynia, and Psychological 
Techniques in Pain Management. 

November 1991. Approx. 1,150 pages, 670 ills. (Book Code: 22126) 


New! 

ANESTHETIC AND OBSTETRIC MANAGEMENT FOR HIGH RISK PREGNANCY 

Sanjay Datta, M.D., F.F.A.R.C.S.(Eng.); with 62 contributors. 

° shame teamwork between the anesthesiologist and obstetrician in a broad range of cases for high 


1991, ae pee aces 115 ills. (Book Code: 20390) 


SMITH’S ANESTHESIA FOR INFANTS AND CHILDREN, 5th Edition 
Etsuro K. Motoyama, M.D.; Peter J. Davis, M.D.; and Elizabeth Lewis Cohn; with 30 contributors. 
¢ Covers the latest techniques and risks of anesthesiology for all pediatric surgeries being performed - 


open heart, renal transplants, ambulatory and laser. 
1990. 961 pages, 358 ills. (Book Code: 03568) 


New 2nd Edition! 

CURRENT PRACTICE OF ANESTHESIOLOGY 

Mark C. Rogers, M.D. 

° Hi 39 completely new chapters, this text provides a comprehensive overview of anesthesia practice 


C for patient management. 
October 991. Approx. 408 pages, 96 ills. A B.C. Decker, Inc. publication. (Book Code: 04201) 


Save time! 
Cali toll-free: 800-426-4545, Monday-Friday, 7AM-7PM, Central Time. FAX orders, 314-432-1380 Attn: Direct Marketing. Please mention this 
number when calling: MPA-124. In Canada, call collect: 416-298-2465 
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St. Louis, MO 63146 ear Scarborough, Ontario 

Canada, M1S 5A2 
Fe ene Be ee eee ee eee eee eee ee ee ee eee eee eee eee 
1 YES! Please send the book(s) I’ve checked on [L] (03568) MOTOYAMA, Smith’s Anesthesia for Infantsand M 
g no-risk, 30-day approval: Children, 5/e, $99.00 (U.S.); $128.75 (Can.) I 
I (00586) BENUMOF, Anesthesia and Perioperative C] (04201) ROGERS, Current Practice of Anesthesiology, 2/e, i 
i Complications, about $99.09 (U.S.); $128.75 (Can.) about $79.00 (U.S.}; $102.75 (Can.) | 
JE (05818) ROGERS, Principles and Practice of SAVE MONEY! Send a check with your order or charge itto E 
# Anesthesiology, about $140.00 (U.S.); $182.00 (Can) your credit card. Mosby-Year Book pays the postage on all I 
i E prepaid orders, Please add $3.50 per order to cover handling 
s en al a The Anesthetic Plan, $49.00 (U.S.); charges. Other orders will be billed for postage and handling. I 
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From Burroughs Wellcome Co. 
A Long-Acting Neuromuscular Blocker 
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(doxacurium chloride) 1 mg/mL 


NEW 


A Long-Acting Neuromuscular Blocker 





NUROMAX | INJECTION | 


(doxacurium chloride) 


Excellent CV Stability 


Cardiovascular stability comparable with vecuronium 
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Emmott et al' compared the hemodynamic effects of Nuromax 0.037 and 0.075 mg/kg with the effects of pancuronium 0.09 mg/kg and 
vecuronium 0.075mg/kg in 36 CABG patients (9 patients, each group). 

Mean changes from baseline values of mean systemic arterial pressure (MAP) and heart rate (HR) at 1, 5 and 10 min after administration. 
All routine cardiac and vasoactive medications were continued up to the morning of surgery. 


== == doxacurium 0.037 mg/kg sess Pancuronium 0.09 mg/kg 


as d(oxacurium 0.075 mg/kg oe VEeCUroNUuUMm 0.075 mg/kg 





Longer acting than “high-dose” vecuronium 


Clinically effective block (time to 25% recovery) 


ED,, (0.025 mg/kg) 
~ 60 minutes 
(range 9-145) 


2xED,, (0.05 mg/kg) 
~ 100 minutes 
NUROMAX E sl 
3xED,. (0.08 mg/kg )* 
160 minutes or more 


(range 110-338) 


3xED,. (0.2 mg/kg) 
es o 
(range 50-106) 
5xED,, (0.3 mg/kg) 
e 2 ~ 111 minutes 
vecuronium’ P 
(range 62-208) 
7XED,,. (0.4 mg/kg) 


(range 35- 191) 


*This dose should be reserved for instances in which a need for very prolonged neuromuscular block is anticipated. 


m Cardiovascular stability comparable with normal saline ° 

= Noncumulative 

= Ready-to-use solution 

= Vials stored at room temperature, no refrigeration required 


= Supplied as a 5 mL vial, 1 mg/mL 


NUROMAX | pln 


(doxacurium chloride) 1mg/mL 


Excellent for Long CV Procedures 








Please see full prescribing information on following pages. 


NUROMAX’ INJECTION 


(DOXACURIUM CHLORIDE) 


This drug should be administered only by adequately trained individuals familiar with its actions, 
characteristics, and hazards. 

DESCRIPTION: Nuromax (doxacurium chloride) is a long-acting, nondepolarizing skeletal muscle relaxant for 
intravenous administration. Doxacurium chloride is frans, trans-2,2'-(succinylbis(oxytrimethylene) }bis{1,2,3,4- 
tetrahydro-6, 7,8-trimethoxy-2-methy!-1-(3,4,5-trimethoxybenzyl)isoquinolinium] dichloride. The molecular 
formula is Cs5H78Cl2N20;g and the molecular weight is 1106.14. The compound does not partition into the 1- 
octanol phase of a distilled water/1-octanol system, /e., the n-octanol:water partition coefficient is 0. 

Doxacurium chloride is a mixture of three trans, trans stereoisomers, a o/ pair [(1A, 1'R 2S, 2'S) and (1S, 1'S: 
2A, 2'A)] and a meso form (1A, 1'S, 2S, 2'A). 

Nuromax Injection is a sterile, non-pyrogenic aqueous solution (pH 3.9 to 5.0) containing doxacurium chloride 
equivalent to 1 mg/mL doxacurium in Water for Injection. Hydrochloric acid may have been added to adjust pH. 
Nuromax Injection contains 0.9% w/v benzyl alcohol. 

CLINICAL PHARMACOLOGY: Nuromax binds competitively to cholinergic receptors on the motor end-plate to 
antagonize the action of acetylcholine, resulting in a block of neuromuscular transmission. This action is 
antagonized by acetyicholinesterase inhibitors, such as neostigmine. 

Pharmacodynamics: Nuromax is approximately 2.5 to 3 times more potent than pancuronium and 10 to 12 
times more potent than metocurine. Nuromax in doses of 1.5 to 2 x EDgs has a clinical duration of action (range 
and variability) similar to that of equipotent doses of pancuronium and metocurine (historic data and limited 
comparison). The average EDgs (dose required to produce 95% suppression of the adductor pollicis muscle 
twitch response to ulnar nerve stimulation) of Nuromax is 0.025 mg/kg (range: 0.020 to 0.033) in adults 
receiving balanced anesthesia. 

The onset and clinically effective duration (time from injection to 25% recovery) of Nuromax administered alone 
or after succinylcholine during stable balanced anesthesia are shown in Table 1. 


TABLE 1 
Pharmacodynamic Dose Response’ Balanced Anesthesia 


Initial Nuromax Dose 
(mg/kg) 
0.025' 0.05 0.08 
(n=34) (n=27) (n=9) 


Time to Maximum 9.3 5.2 3.5 
Block (min) (5.4-16) (2.5-13) (2.4-5) 
Clinical Duration (min) 55 100 160 
(9-145) (39-232) (110-338) 
* Values shown are means (range). 


(Time to 25% Recovery) 
t Nuromax administered after 10% to 100% recovery from an intubating dose of succinylcholine. 
Initial doses of 0.05 mg/kg (2 x EDgs) and 0.08 mg/kg (3 x EDgs) Nuromax administered during the induction of 
thiopental-narcotic anesthesia produced good-to-excellent conditions for tracheal intubation in 5 minutes (13 of 
15 cases studied) and 4 minutes (8 of 9 cases studied) (which are before maximum block), respectively. 
As with other long-acting agents, the clinical duration of neuromuscular block associated with Nuromax shows 
considerable interpatient variability. An analysis of 390 cases in U.S. clinical trials utilizing a variety of 
premedications, varying lengths of surgery, and various anesthetic agents, indicates that approximately two- 
thirds of the patients had clinical durations within 30 minutes of the duration predicted by dose (based on mg/kg 
actual body weight). Patients > 60 years old are approximately twice as likely to experience prolonged clinical 
duration (30 minutes longer than predicted) than patients < 60 years old; thus, care should be used in older 
patients when prolonged recovery is undesirable (see Geriatric Use subsection of PRECAUTIONS and 
Individualization of Dosages subsection of CLINICAL PHARMACOLOGY). In addition, obese patients 
(patients weighing > 30% more than ideal body weight for height) were almost twice as likely to experience 
prolonged clinical duration than non-obese patients; therefore, dosing should be based on ideal body weight 
(IBW) for obese patients (see Individualization of Dosages subsection of CLINICAL PHARMACOLOGY). 
The mean time for spontaneous T, recovery from 25% to 50% of control following initial doses of Nuromax is 
approximately 26 minutes (range: 7 to 104, n=253) during balanced anesthesia. The mean time for spontaneous 
T; recovery from 25% to 75% is 54 minutes (range: 14 to 184, n=184). 
Most patients receiving Nuromax in clinical trials required pharmacologic reversal prior to full spontaneous 
recovery from neuromuscular block (see Antagonism of Neuromuscular Block subsection of 
OVERDOSAGE); therefore, relatively few data are available on the time from injection to 95% spontaneous 
recovery of the twitch response. As with other long-acting neuromuscular blocking agents, Nuromax may be 
associated with prolonged times to full spontaneous recovery. Following an initial dose of 0.025 mg/kg 
Nuromax, some patients may require as long as 4 hours to exhibit full spontaneous recovery. 
Cumulative neuromuscular blocking effects are not associated with repeated administration of maintenance 
doses of Nuromax at 25% T, recovery. As with initial doses, however, the duration of action following 
maintenance doses of Nuromax may vary considerably among patients. 
The Nuromax EDgs for children 2 to 12 years of age receiving halothane anesthesia is approximately 0.03 
mg/kg. Children require higher Nuromax doses on a mg/kg basis than adults to achieve comparable levels of 
block. The onset time and duration of block are shorter in children than adults. During halothane anesthesia, 
doses of 0.03 mg/kg and 0.05 mg/kg Nuromax produce maximum block in approximately 7 and 4 minutes, 
respectively. The duration of clinically effective block is approximately 30 minutes after an initial dose of 0.03 
mg/kg and approximately 45 minutes after 0.05 mg/kg. Nuromax has not been studied in children below the age 
of 2 years. 
The neuromuscular block produced by Nuromax may be antagonized by anticholinesterase agents. As with 
other nondepolarizing neuromuscular blocking agents, the more profound the neuromuscular block at reversal, 
the longer the time and the greater the dose of anticholinesterase required for recovery of neuromuscular 
function. 
Hemodynamics: Administration of Nuromax doses up to and including 0.08 mg/kg (~3 x EDgs) over 5 to 15 
seconds to healthy adult patients during stable state balanced anesthesia and to patients with serious 
cardiovascular disease undergoing coronary artery bypass grafting, cardiac valvular repair, or vascular repair 
produced no dose-related effects on mean arterial blood pressure (MAP) or heart rate (HR). 
No dose-related changes in MAP and HR were observed following administration of up to 0.05 mg/kg Nuromax 
over 5 to 15 seconds in 2- to 12-year-old children receiving halothane anesthesia. 
Doses of 0.03 to 0.08 mg/kg (1.2 to 3 x EDgs) were not associated with dose-dependent changes in mean 
plasma histamine concentration. Clinical experience with more than 1,000 patients indicates that adverse 
experiences typically associated with histamine release (e.g., bronchospasm, hypotension, tachycardia, 
cutaneous flushing, urticaria, etc.) are very rare following the administration of Nuromax (see ADVERSE 
REACTIONS). 
Pharmacokinetics: Pharmacokinetic and pharmacodynamic results from a study of 24 healthy young adult 
patients and 8 healthy elderly patients are summarized in Table 2. The pharmacokinetics are linear over the 
Cosage range tested (/e. plasma concentrations are approximately proportional to dose). The pharmaco- 
kinetics of Nuromax are similar in healthy young adult and elderly patients. Some healthy elderly patients tend 
to be more sensitive to the neuromuscular blocking effects of Nuromax than healthy young adult patients 
receiving the same dose. The time to maximum block is longer in elderly patients than in young adult patients 
(11.2 minutes versus 7.7 minutes at 0.025 mg/kg Nuromax). In addition, the clinically effective durations of block 
are more variable and tend to be longer in healthy elderly patients than in healthy young adult patients receiving 
the same dose. 











TABLE 2 
Pharmacokinetic and Pharmacodynamic Parameters’ of Nuromax in Young Adult and Elderly Patients 


(Isoflurane Anesthesia) 
Healthy Young Adult Patients Healthy Elderly Patients 
(22 to 49 yrs) (67 to 72 yrs) 
0.025 mg/kg | 0.05 mg/kg 0.08 mg/kg 0.025 mg/kg 
(n=8) (n=8) (n=8) (n=8) 
tiz elimination 86 123 98 96 
(min) (25-171) (61-163) (47-163) (50-114) 
Volume of Distribution at 0.15 0.24 0.22 0.22 
Steady State (L/kg) (0.10-0.21) (0.13-0.30) (0.16-0.33) (0.14-0.40) 
















2.22 2.62 2.53 

(1.02-3.95) (1.21-5.70) (1.88-3.38) (1.58-3.60) 

Maximum Block 97 100 100 96 

(%) (88-100) (100-100) (100-100) (90-100) 

Clinically Effective Duration 68 91 177 97 
(35-90) (47-132) (74-268) (36-179) 


1 Values shown are means (range). 

2 Time from injection to 25% recovery of the control twitch height. 

Table 3 summarizes the pharmacokinetic and pharmacodynamic results from a study of 9 healthy young adult 
patients, 8 patients with end-stage kidney disease undergoing kidney transplantation, and 7 patients with end- 
Stage liver disease undergoing liver transplantation. The results suggest that a longer ty2 can be expected in 
patients with end-stage kidney disease; in addition, these patients may be more sensitive to the neuromuscular 
blocking effects of Nuromax. The time to maximum block was slightly longer and the clinically effective duration 
of block was prolonged in patients with end-stage kidney disease. 


TABLE 3 
Pharmacokinetic and Pharmacodynamic Parameters' of Nuromax in 
Healthy Patients and in Patients Undergoing Kidney or Liver Transplantation 


(Isoflurane Anesthesia) 
Healthy Young aah Liver 
Adult Patients Transplant Patients | Transplant Patients 
Parameter 
0.015 mg/kg 0.015 mg/kg 0.015 mg/kg 
(n=9) (n=8) (n=7) 
tz elimination 99 221 115 
(min) (48-193) (84-592) (69-148) 
Volume of Distribution at 0.22 0.27 0.29 
Steady State (L/kg) (0.11-0.43) (0.17-0.55) (0.17-0.35) 
Plasma Clearance 2.66 1.23 2.30 
(mL/min/kg) (1.35-6.66) (0.48-2.40) (1.96-3.05) 






Maximum Block 86 98 70 
(%) (59-100) (95-100) (0-100) 
Clinically Effective Duration 36 80 52 
of Block (min) (19-80) (29-133) 


1 Values shown are means (range). 

No data are available from patients with liver disease not requiring transplantation. There are no significant 
alterations in the pharmacokinetics of Nuromax in liver transplant patients. Sensitivity to the neuromuscular 
blocking effects of Nuromax was highly variable in patients undergoing liver transplantation. Three of 7 patients 
developed < 50% block, indicating that a reduced sensitivity to Nuromax may occur in such patients. In those 
patients who developed > 50% neuromuscular block, the time to maximum block and the clinically effective 
duration tended to be longer than in healthy young adult patients (see Individualization of Dosages subsection 
of CLINICAL PHARMACOLOGY). 

Consecutively administered maintenance doses of 0.005 mg/kg Nuromax, each given at 25% T, recovery 
following the preceding dose, do not result in a progressive increase in the plasma concentration of doxacurium 
Or a progressive increase in the depth or duration of block produced by each dose. 

Nuromax is not metabolized /n vitro in fresh human plasma. Plasma protein binding of Nuromax is 
approximately 30% in human plasma. 

/n vivo data from humans suggest that Nuromax is not metabolized and that the major elimination pathway is 
excretion of unchanged drug in urine and bile. In studies of healthy adult patients, 24% to 38% of an 
administered dose was recovered as parent drug in urine over 6 to 12 hours after dosing. High bile 
concentrations of Nuromax (relative to plasma) have been found 35 to 90 minutes after administration. The 
overall extent of biliary excretion is unknown. The data derived from analysis of human urine and bile are 
consistent with data from /n vivo studies in the rat, cat, and dog, which indicate that all of an administered dose 
of Nuromax is recovered as parent drug in the urine and bile of these species. 

Individualization of Dosages: In elderly patients or patients who have impaired renal function, the potential for 
a prolongation of block may be reduced by decreasing the initial Nuromax dose and by titrating the dose to 
achieve the desired depth of block. In obese patients (patients weighing > 30% more than ideal body weight for 
height), the Nuromax dose should be determined using the patient's ideal body weight (IBW), according to the 
following formulae: 

Men: IBW in kg = [106 + (6 x inches in height above 5 feet)|/2.2 
Women: IBW in kg = [100 + (5 x inches in height above 5 feet)]/2.2 

Dosage requirements for patients with severe liver disease are variable; some patients may require a higher 
than normal initial Nuromax dose to achieve clinically effective block. Once adequate block is established, the 
Clinical duration of block may be prolonged in such patients relative to patients with normal liver function. 
As with pancuronium, metocurine, and vecuronium, resistance to Nuromax, manifested by a reduced intensity 
and/or shortened duration of block, must be considered when Nuromax is selected for use in patients receiving 
phenytoin or carbamazepine (see Drug Interactions subsection of PRECAUTIONS). 
As with other nondepolarizing neuromuscular blocking agents, a reduction in dosage of Nuromax must be 
considered in cachectic or debilitated patients, in patients with neuromuscular diseases, severe electrolyte 
abnormalities, or carcinomatosis, and in other patients in whom potentiation of neuromuscular block or difficulty 
with reversal is anticipated. Increased doses of Nuromax may be required in burn patients (see PRE- 
CAUTIONS). 
INDICATIONS AND USAGE: Nuromax is a long-acting neuromuscular blocking agent, indicated as an adjunct 
to general anesthesia, to provide skeletal muscle relaxation during surgery. Nuromax can also be used to 
provide skeletal muscle relaxation for endotracheal intubation. 
CONTRAINDICATIONS: Nuromax is contraindicated in patients known to have hypersensitivity to it. 
WARNINGS: NUROMAX SHOULD BE ADMINISTERED IN CAREFULLY ADJUSTED DOSAGE BY OR 
UNDER THE SUPERVISION OF EXPERIENCED CLINICIANS WHO ARE FAMILIAR WITH THE DRUG’S 
ACTIONS AND THE POSSIBLE COMPLICATIONS OF ITS USE. THE DRUG SHOULD NOT BE 
ADMINISTERED UNLESS FACILITIES FOR INTUBATION, ARTIFICIAL RESPIRATION, OXYGEN THERAPY, 
AND AN ANTAGONIST ARE WITHIN IMMEDIATE REACH. IT IS RECOMMENDED THAT CLINICIANS 
ADMINISTERING LONG-ACTING NEUROMUSCULAR BLOCKING AGENTS SUCH AS NUROMAX EMPLOY 
A PERIPHERAL NERVE STIMULATOR TO MONITOR DRUG RESPONSE, NEED FOR ADDITIONAL 
RELAXANTS, AND ADEQUACY OF SPONTANEOUS RECOVERY OR ANTAGONISM. 





NUROMAX HAS NO KNOWN EFFECT ON CONSCIOUSNESS, PAIN THRESHOLD, OR CEREBRATION. TO 
AVOID DISTRESS TO THE PATIENT, NEUROMUSCULAR BLOCK SKOULD NOT BE INDUCED BEFORE 
UNCONSCIOUSNESS. 

Nuromax Injection is acidic (pH 3.9 to 5.0) and may not be compatible with alkaline solutions having a pH 
greater than 8.5 (@.9., barbiturate solutions). 

Nuromax Injection contains benzyl alcohol. In newborn infants, benzyl alcohol has been associated with an 
increased incidence of neurological and other complications which are sometimes fatal. See Pediatric Use 
subsection of PRECAUTIONS. 

PRECAUTIONS: General: Nuromax has no clinically significant effects on heart rate; therefore, Nuromax will 
not counteract the bradycardia produced by many anesthetic agents or by vagal stimulation. 

Neuromuscular blocking agents may have a profound effect in patients with neuromuscular diseases (e.g., 
myasthenia gravis and the myasthenic syndrome). In these and other conditions in which prolonged 
neuromuscular block is a possibility (@.g., carcinomatosis), the use of a peripheral nerve stimulator and a small 
test dose of Nuromax is recommended to assess the level of neuromuscular block and to monitor dosage 
requirements. Shorter acting muscle relaxants than Nuromax may be more suitable for these patients. 
Resistance to nondepolarizing neuromuscular blocking agents may develop in patients with burns depending 
upon the time elapsed since the injury and the size of the burn. Nuromax has not been studied in patients with 
burns. 

Acid-base and/or serum electrolyte abnormalities may potentiate or antagonize the action of neuromuscular 
blocking agents. The action of neuromuscular blocking agents may be enhanced by magnesium salts 
administered for the management of toxemia of pregnancy. 

Nuromax has not been studied in patients with asthma. 

No data are available to support the use of Nuromax by intramuscular injection. 

Renal and Hepatic Disease: Nuromax has been studied in patients with end-stage kidney (n=8) or liver (n=7) 
disease undergoing transplantation procedures (see CLINICAL PHARMACOLOGY). The possibility of 
prolonged neuromuscular block in patients undergoing renal transplantation and the possibility of a variable 
onset and duration of neuromuscular block in patients undergoing liver transplantation must be considered 
when Nuromax is used in such patients. 

Obesity: Administration of Nuromax on the basis cf actual body weight is associated with a prolonged duration 
of action in obese patients (patients weighing > 30% more than ideal body weight for height) (see CLINICAL 
PHARMACOLOGY). Therefore, the dose of Nuromax should be based upon ideal body weight in obese patients 
(see Individualization of Dosages subsection of CLINICAL PHARMACOLOGY). 

Malignant Hyperthermia (MH): In a study of MH-susceptible pigs, Nuromax did not trigger MH. Nuromax has 
not been studied in MH-susceptible patients. Since MH can develop in the absence of established triggering 
agents, the clinician should be prepared to recognize and treat MH in any patient scheduled for general 
anesthesia. 

Long-Term Use in the Intensive Care Unit (ICU): No data are available on the long-term use of Nuromax in 
patients undergoing mechanical ventilation in the ICU. 

Drug Interactions: Prior administration of succinylcholine has no clinically important effect on the 
neuromuscular blocking action of Nuromax. 

The use of Nuromax before succinylcholine to attenuate some of the side effects of succinylcholine has not 
been studied. 

There are no clinical data on concomitant use of Nuromax and other nondepolarizing neuromuscular blocking 
agents. 

Isoflurane, enflurane and halothane decrease the EDsp of Nuromax by 30% to 45%. These agents may also 
prolong the clinically effective duration of action by up to 25%. 

Other drugs which may enhance the neuromuscular blocking action of nondepolarizing agents such as 
Nuromax include certain antibiotics (e.g., aminoglycosides, tetracyclines, bacitracin, polymyxins, lincomycin, 
Clindamycin, colistin, and sodium colistimethate), magnesium salts, lithium, local anesthetics, procainamide, and 
quinidine. 

As with some other nondepolarizing neuromuscular blocking agents, the time of onset of neuromuscular block 
induced by Nuromax is lengthened and the duration of block is shortened in patients receiving phenytoin or 
carbamazepine. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Carcinogenesis and fertility studies have not been 
performed. Nuromax was evaluated in a battery of four short-term mutagenicity tests. It was non-mutagenic in 
the Ames Salmonella assay, in the mouse lymphoma assay, and in the human lymphocyte assay. In the /n vivo 
rat bone marrow cytogenetic assay, statistically significant increases in the incidence of structural abnormalities, 
relative to vehicle controls, were observed in male rats dosed with 0.1 mg/kg (0.625 mg/m?) Nuromax and 
sacrificed at 6 hours, but not at 24 or 48 hours, and in female rats dosed with 0.2 mg/kg (1.25 mg/m?) Nuromax 
and sacrificed at 24 hours, but not at 6 or 48 hours. There was no increase in structural abnormalities in either 
male or female rats given 0.3 mg/kg (1.875 mg/m?) Nuromax and sacrificed at 6, 24, or 48 hours. Thus, the 
incidence of abnormalities in the /n vivo rat bone marrow cytogenetic assay was not dose-dependent and, 
therefore, the likelihood that the observed abnormalities were treatment-related or clinically significant is low. 
Pregnancy: Teratogenic Effects: Pregnancy Category C. Teratology testing in nonventilated, pregnant rats and 
mice treated subcutaneously with maximum subparalyzing doses of Nuromax revealed no maternal or fetal 
toxicity or teratogenic effects. There are no adequate and well-controlled studies of Nuromax in pregnant 
women. Because animal studies are not always predictive of human response and the doses used were 
rape Nuromax should be used during pregnancy only if the potential benefit justifies the potential risk 
to tus. 

Labor and Delivery: The use of Nuromax during labor, vaginal delivery, or cesarean section has not been 
studied. It is not known whether Nuromax administered to the mother has immediate or delayed effects on the 
fetus. The duration of action of Nuromax exceeds the usual duration of operative obstetrics (cesarean section). 
Therefore, Nuromax is not recommended for use in patients undergoing C-section. 

Nursing Mothers: It is not known whether Nuromax is excreted in human milk. Because many drugs are 
excreted in human milk, caution should be exercised following Nuromax administration to a nursing 
woman. 

Pediatric Use: Nuromax has not been studied in children below the age of 2 years. See CLINICAL 
PHARMACOLOGY and DOSAGE AND ADMINISTRATION for clinical experience and recommendations for use in 
children 2 to 12 years of age. 

Geriatric Use: Nuromax has been used in elderly patients, including patients with significant cardiovascular 
disease. In elderly patients the onset of maximum block is slower and the duration of neuromuscular block 
produced by Nuromax is more variable and, in some cases, longer than in young adult patients (see 
Pha mics and Individualization of Dosages subsections of CLINICAL PHARMACOLOGY). 
ADVERSE REACTIONS: The most frequent adverse effect of nondepolarizing blocking agents as a class 
consists of an extension of the pharmacological action beyond the time needed for surgery and anesthesia. This 
effect may vary from skeletal muscle weakness to profound and prolonged skeletal muscle paralysis resulting in 
respiratory insufficiency and apnea which require manual or mechanical ventilation until recovery is judged to be 
clinically adequate (see OVERDOSAGE). Inadequate reversal of neuromuscular block from Nuromax is 
possible, as with all nondepolarizing agents. Prolongec neuromuscular block and inadequate reversal may lead 
to postoperative complications. 

Observed in Clinical Trials: Adverse experiences were uncommon among the 1034 surgical patients and 
volunteers who received Nuromax and other drugs in U.S. clinical studies in the course of a wide variety of 
procedures conducted during balanced or inhalational anesthesia. The following adverse experiences were 
reported in patients administered Nuromax (all events judged by investigators during the clinical trials to have a 
possible causal relationship): 


Incidence Greater than 1% - None 


Incidence Less than 1% - 

Cardiovascular’: hypotension,’ flushing,’ ventricular fibrillation, myocardial infarction 
Respiratory: bronchospasm, wheezing 

Dermatological urticaria, injection site reaction 

Special Senses diplopia 

Nonspecific: difficult neuromuscular block reversal, prolonged drug effect, fever 


* Reports of ventricular fibrillation (n=1) and myocardial infarction (n=1) were limited to ASA Class 3-4 patients 
undergoing cardiac surgery (n=142). 
' 0.3% incidence. All other reactions unmarked were < 0.1%. 


OVERDOSAGE: Overdosage with neuromuscular blocking agents may result in neuromuscular block beyond 
the time needed for surgery and anesthesia. The primary treatment is maintenance of a patent airway and 
controlled ventilation until recovery of normal neuromuscular function is assured. Once evidence of recovery 
from neuromuscular block is observed, further recovery may be facilitated by administration of an 
anticholinesterase agent (e.g., neostigmine, edrophonium) ir conjunction with an appropriate anticholinergic 
agent (see Antagonism of Neuromuscular Block). 

Antagonism of Neuromuscular Block: ANTAGONISTS (SUCH AS NEOSTIGMINE) SHOULD NOT BE 
ADMINISTERED PRIOR TO THE DEMONSTRATION OF SOME SPONTANEOUS RECOVERY FROM 
NEUROMUSCULAR BLOCK. THE USE OF A NERVE STIMULATOR TO DOCUMENT RECOVERY AND 
ANTAGONISM OF NEUROMUSCULAR BLOCK IS RECOMMENDED. T,/T; SHOULD BE > ZERO BEFORE 
ANTAGONISM IS ATTEMPTED. 

In an analysis of patients in whom antagonism of neuromuscular block was evaluated following administration of 
single doses of neostigmine averaging 0.06 mg/kg (range: 0.05 to 0.075) administered at approximately 25% T4 
spontaneous recovery during balanced anesthesia, 71% of patients exhibited T,/T; > 0.7 before monitoring 
was discontinued. For these patients, the mean time to T4/T; > 0.7 was 19 minutes (range: 7 to 55). As with 
other long-acting nondepolarizing neuromuscular blocking agents, the time for recovery of neuromuscular 
function following administration of neostigmine is dependent upon the level of residual neuromuscular block at 
the time of attempted reversal; longer recovery times than those cited above may be anticipated when 
neostigmine is administered at more profound levels of block (¿e., at < 25% T; recovery). 

Patients should be evaluated for adequate clinical evidence of antagonism, e.g., 5-second head lift, and grip 
strength. Ventilation must be supported until no longer required. As with other neuromuscular blocking agents, 
physicians should be alert to the possibility that the action of the drugs used to antagonize neuromuscular block 
may wear off before the effects of Nuromax on the neuromuscular junction have declined sufficiently. 
Antagonism may be delayed in the presence of debilitation, carcinomatosis, and the concomitant use of certain 
broad spectrum antibiotics, or anesthetic agents and other drugs which enhance neuromuscular block or 
separately cause respiratory depression (see Drug Interactions subsection of PRECAUTIONS). Under such 
circumstances the management is the same as that of prolonged neuromuscular block. 

In clinical trials, a dose of 1 mg/kg edrophonium was not as effective as a dose of 0.06 mg/kg neostigmine in 
antagonizing moderate to deep levels of neuromuscular block (i.e., < 60% T, recovery). Therefore, the use of 1 
mg/kg edrophonium is not recommended for reversal from moderate to deep levels of block. The use of 
pyridostigmine has not been studied. 

DOSAGE AND ADMINISTRATION: NUROMAX SHOULD ONLY BE ADMINISTERED INTRAVENOUSLY. 
Nuromax, like other long-acting neuromuscular blocking agents, displays variability in the duration of its effect. 
The potential for a prolonged clinical duration of neuromuscular block must be considered when Nuromax is 
selected for administration. The dosage information provided below is intended as a guide only. Doses should 
be individualized (see Individualization of Dosages subsection of CLINICAL PHARMACOLOGY). Factors that 
may warrant dosage adjustment include: advancing age, the presence of kidney or liver disease, or obesity 
(patients weighing > 30% more than ideal body weight for height). The use of a peripheral nerve stimulator will 
permit the most advantageous use of Nuromax, minimize the possibility of overdosage or underdosage, and 
assist in the evaluation of recovery. 

Parenteral drug products should be inspected visually for particulate matter and discoloration prior to 
administration whenever solution and container permit. 

Adults: Initial Doses: When administered as a component of a thiopental/narcotic induction-intubation 
paradigm as well as for production of long-duration neuromuscular block during surgery, 0.05 mg/kg (2 x EDgs) 
Nuromax produces good-to-excellent conditions for tracheal intubation in 5 minutes in approximately 90% of 
patients. Lower doses of Nuromax may result in a longer time for development of satisfactory intubation 
conditions. Clinically effective neuromuscular block may be expected to last approximately 100 minutes on 
average (range: 39 to 232) following 0.05 mg/kg Nuromax administered to patients receiving balanced 
anesthesia. 

An initial Nuromax dose of 0.08 mg/kg (3 x EDgs) should be reserved for instances in which a need for very 
prolonged neuromuscular block is anticipated. In approximately 90% of patients, good-to-excellent intubation 
conditions may be expected in 4 minutes after this dose; however, clinically effective block may be expected to 
persist for as long as 160 minutes or more (range: 110 to 338) (see CLINICAL PHARMACOLOGY). 

lf Nuromax is administered during steady-state isoflurane, enflurane, or halothane anesthesia, reduction of the 
Nuromax dose by one-third should be considered. 

When succinylcholine is administered to facilitate tracheal intubation in patients receiving balanced anesthesia, 
an inital dose of 0.025 mg/kg (EDgs) Nuromax provides about 60 minutes (range: 9 to 145) of clinically effective 
neuromuscular block for surgery. For a longer duration of action, a larger initial dose may be administered. 
Maintenance Doses: Maintenance dosing will generally be required about 60 minutes after an initial dose of 
0.025 mg/kg Nuromax or 100 minutes after an initial dose of 0.05 mg/kg Nuromax during balanced anesthesia. 
Repeated maintenance doses administered at 25% T, recovery may be expected to be required at relatively 
regular intervals in each patient. The interval may vary considerably between patients. Maintenance doses of 
0.005 and 0.01 mg/kg Nuromax each provide an average 30 minutes (range: 9 to 57) and 45 minutes (range: 14 
to 108), respectively, of additional clinically effective neuromuscular block. For shorter or longer desired 
durations, smaller or larger maintenance doses may be administered. 

Children: When administered during halothane anesthesia, an initial dose of 0.03 mg/kg (EDgs) produces 
maximum neuromuscular block in about 7 minutes (range: 5 to 11) and clinically effective block for an average 
of 30 minutes (range: 12 to 54). Under halothane anesthesia, 0.05 mg/kg produces maximum block in about 4 
minutes (range: 2 to 10) and clinically effective block for 45 minutes (range: 30 to 80). Maintenance doses are 
generally required more frequently in children than in adults. Because of the potentiating effect of halothane 
seen in adults, a higher dose of Nuromax may be required in children receiving balanced anesthesia than in 
children receiving halothane anesthesia to achieve a comparable onset and duration of neuromuscular block. 
Nuromax has not been studied in children below the age of 2 years. 

Compatibility: Y-site Administration: Nuromax Injection may not be compatible with alkaline solutions with a 
pH greater than 8.5 (e.g., barbiturate solutions). 
Nuromax is compatible with: 

* 5% Dextrose Injection USP 

* 0.9% Sodium Chioride Injection USP 


* 5% Dextrose and Lactated Ringer's Injection 

* Sufenta* (sufentanil citrate) Injection, diluted as directed 

* 5% Dextrose and-0.9% Sodium Chloride Injection USP + Alfenta® (alfentanil hydrochloride) Injection, diluted as directed 

* Lactated Ringer's Injection USP * Sublimaze* (fentanyl citrate) Injection, diluted as directed 
Dilution Stability: Nuromax diluted up to 1:10 in 5% Dextrose Injection USP or 0.9% Sodium Chloride Injection 
USP has been shown to be physically and chemically stable when stored in polypropylene syringes at 5° to 
25°C (41° to 77°F), for up to 24 hours. Since dilution diminishes the preservative effectiveness of benzyl 
alcohol, aseptic techniques should be used to prepare the diluted product. Immediate use of the diluted product 
is preferred, and any unused portion of diluted Nuromax should be discarded after 8 hours.. 

HOW SUPPLIED: Nuromax Injection, 1 mg doxacurium in each mL. 

5 mL Multiple Dose vials containing 0.9% w/v benzyl alcohol as a preservative (see WARNINGS). Tray of 10 
(NDC 0081-0763-44). 

STORAGE: Store Nuromax Injection at room temperature of 15° to 25°C (59° to 77°F). DO NOT FREEZE. 
U.S. Patent No. 4701460 


1. Emmott RS, Bracey BJ, Goldhill DR, Yate PM, Flynn PJ. Cardiovascular effects of doxacurium, pancuronium 
and vecuronium in anaesthetized patients presenting for coronary artery bypass surgery. Br / Anaesth. 
1990;65:480-486. 

2. Tullock WC, Diana P, Cook DR, et al. Neuromuscular and cardiovascular effects of high-dose vecuronium. 
Anesth Analg. 1990;70:86-90. 

3. Stoops CM, Curtis CA, Kovach DA, et al. Hemodynamic effects of doxacurium chloride in patients receiving 
oxygen sufentanil anesthesia for coronary artery bypass grafting or valve replacement. Anesthesiology. 
1988;69:365-370. 


$R Burroughs Wellcome Co., 3030 Cornwallis Road, Research Triangle Park, NC 27709 
Wellcome Copr. ©1991 Burroughs Wellcome Co. Al! rights reserved. NM-Y01326 
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Crucial Parameters in Selecting 
a Neuromuscular Blocking Agent 


Norcuron® 
(vecuronium bromide) 
for injection 
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Statistically significant variations 
in blood pressure, cardiac output, 
and systemic vascular resistance. ! 
(P<.05) 





No significant variations in blood 
pressure, cardiac output, or 
systemic vascular resistance. ! 









HEMODYNAMICS 











Precautions advised for patients 
in whom substantial histamine 
release would be hazardous 
(eg, clinically significant 
cardiovascular disease, asthma)® 






Available clinical experience 
indicates that reactions commonly 
associated with histamine release 
are unlikely to occur.!4 





HISTAMINE 









RECOVERY 
To 25% of control 


To 95% of control 





25—45 min? 
45-65 min? 





39—45 min”? 
60-70 min” 
































The initial recommended dose is 
0.08—0.1 mg/kg. 


Dose can be increased up to 

0.28 mg/kg for long cases without 
significant histamine release or 
related cardiovascular side effects. 1-3-4 


Initial recommended dose is 
0.4-0.5 mg/kg. 

A moderate histamine release and 
significant falls in blood pressure 
have been seen following a dose of SE 
0.5 mg/kg (P<.05) and 0.6 mg/kg*2.5.6 [i 


2-year shelf life under constant 
refrigeration. t 


Upon removal from refrigeration 
to room temperature storage, 
use within 14 days even if 
rerefrigerated.° 








fee DOSING 
z FLEXIBILITY 




















2-year shelf life in lyophilized form 
at room temperature. t 


Can be reconstituted with various 


IV solutions including Lactated 
Ringers. + 







STORAGE & 
SHELF LIFE 








*Dose of atracurium above 0.5 mg/kg is not recommended. {Storage after reconstitution varies with solution. See package insert. 
TAs originally supplied by the respective manufacturers. 
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(vecuronium bromide) for injection 


THES DAUG SHOULD BE ADMINISTERED BY ADEQUATELY TRAINED IMDAIDUALS FAMILIAR WATH ITS 
ACTIONS, CHARACTERISTICS, AMD HAZARDS. 


CONTRAINDICATIONS: Norcuron® is contraindicated in i panana nan o here IE Go ae Gon 
: NORCURON® SHOULD BE ADMINISTERED IN CAREFULLY DOSAGE BY OR UNDER THE SUPERVI- 
Ta at syd pa 


MEEO dha cara flushing, redness, hypotension, and other reactions commonty associated 
with histamine release are urdikety to Occur. 
Renai Failure: Norcuron® is well tolerated without clinically significant Ie Coie arais k a 


i 


lec pinia e 

ie ee. ee m 
U.: ith ie an Gam Mi fare ES SENA R A 
ventistion may be associsted with 


wb re ber Dam A ra pA el a 


; and/or : 
hypoxic episodes of varying dursiion, acid-base imbalance and extreme debiitation, any of which may enhance the actions of 
a neuromuscular blocking agent. Additionally, patients i Beare er ese Bete 


atrophy. Therefore, when 
Infesion or intermittent bolus dosing to support 


recommendations. 

ABOVE CONDITIONS, APPROPRIATE NG, AS USE OF A PERIPHERAL NERVE STIM- 

ULATOR, TO ASSESS THE DEGREE OF NEUROMUSCULAR BLOCKADE, MAY PRECLUDE INADVERTENT : 
or Neuromuscular Disease: Patients with severe obesity or neuromuscular disease may pose airway and/or 

Hema p requiring special care before, during and after the use of neuromuscular blocking agents such as 


pa pd ata rd ere of being of triggering a potentially 
of skeletal muscle known as malignant There are] data derived from screening 


must be 


, therefore these drugs 
and Ncrcuron® may mantiest an additive effect used together. There are insufficient data to support concomitant use 
same patient. 

anesthetics with Norcuron® wil enhance neuromuscular boad: 
enfiurans and isofturane. With the above the Initial dose of Norcuron® may 
EA A SaL ae Ah le! ese vizas ra tec aon istered for a sufficient time at a 


AE Prone rll ae sl ik crab t Intensity or produce 
ai : antibiotics have ben sod wil various grees of py: a 
a3 ' ' 1 b i 
ee poemon lr tl Anyen, panam and dihydrostreptomycin); tetracyclines; bacitracin 
: AET USS E Oe MUSE eas ude AR recurren 
Norcuron® induced neuromoscukar blockade 


pc, agers gmt ci Lenser he te peta oa 
Ar ct studies have not been conducted with Norcuron®. Norcuron® 
needed. l 


anesthesia, are modtratety 
more cnet to Narcuron® on a mg/kg basis than adats and taks about 17 Bes as long to reaver. Iniormation present 


arlatie does nat m oeni 

ADVERSE Norcuron® was well toterated and produced no adverse reactions extensive clinical trials. The 

bts ila odo sao Aero pl dog Ke lel a3 a AS COren ot an es taleretle dni a 
acion beyond the time needed. vary from musc 

prolonged 3 musci paralysis resulting in respiration or 

Inacequate reversal of the neuromuscular blockade Is possible with ron® as with all curariform drugs. 

adverse reactions at by manual or mechanical ventilation until recovery is adequate. Lite or no increase 

In of blockade or of action of Norcurom® is noted from the use of th rates, narcoéic analgesics, 

nitrous Or UPETI Se KENESE OT ACES O OAE UGE UBAO eH Opener eae 


Ss iP Anas seis ede S OE fie ha sais EA N 
ventilation in neni care unit. (se PRECAUTIONS) es ee 
` Upd E 
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paripherai narve r may aso 

prompt reversal ead 

hias Aa ftal A toe cerian ress anesthetic agents 

stone donlar, a t ileile 
circumstances the 


and ls 
by volatile 


rl eee lll ater pla ). Parenteral drug products should be 
i sr for particule matte and discotoration whenever solution and container permit. 
ed dell sll iil A at 01 a the monitoring of 

The recommended dose of Norcuron® fs 0.06 to 0.10 (1.4 to 1.75 thes the given as an Intravenous 
bolus injection. This dose can be expected to produce good or condifians in 2.5 3 
minutes, with recovery to 25% of control ach a S ua AET On E REO o of 
control achieved after . In the presence of the 


lanni oe teas rine Gace 
start of inhalation oF whan ela stalo has bee achieved, the Initial Norcuron® dose may be reduced by 
15%, 1.6., 0.060 to 0.065 mg/kg 
o succinyichane may entanos fa neuromuseiiar blocking elec and duration of action of 
Norcoron®, If intubation |s performed a reel lle a reduction of initial of Norcuron® to 0.04-0.06 mg/kg 
sg Leer rat C O> OOI idl Dance ly lll dead lo 
During prolonged surgical procedures, mal ATA ECA MTI tap At e om menar 
Noccuron® first maintenance dase wil generally be required within 25 to 40 minutes. However, 


afier the intial infection, ths 

Clinical criteria shouid be used to determine the need for malntenance doses. Since Norcuron® kecks 

pot hg Dacor rl em ral en el D gt intervals for each 
approximately from 12 to 15 minutes balanced anasihesia, longer inhatation agents. (If 


sea ested ghor maenace dwt may be asst 
Should there be reason for the section of karger doses in individ peg hore Per A CLA 
ring suTyery under hatothane anesthesia without il effects to the cardiovascutar 


to 0.28 have bean administered during 
al nore as long as ee maintelned. 

by a Pan mitchell peripherals lb la tery 
approximate 20-40 min Irdusion of Norcuron® only after early evidence 
Pan ae is ek oer fc ares ee CaN etter Ne Role en ohio 
stated to support armen. PRECAUTIONS 


Eren GREE. PAN EN oe iain: La Ned eller io paola 
muscie relaxants. In the presence of sieady-stale concentrations of eare Uraan, may be 
meea reduce the rate of infusion 25-60 percent, 45-60 min after the Intubating dose. Under halothane anesthesia ft 

not be necessary to reduce the rate of infusion. 
Tonnis BeON and erer d blockade folowing discontinuation of Norcuron® infusion may be 
expected to proceed at rates comparable to that following a single bolus dose. 
infusion solutions of Norcuron® can be by mixing Conr lll adda lal la 
gee ar eels 5% glucose in saline, or Lectated Ringers. Unused portions of Infusion solutions should be 
infusion rates of Norcurom® can be individualized for each patient using the following table: 
Drug Delivery Rate Infusion Delivery Rate 
(wo/egrmin} oime Momin) go mgmt 

0.7 0.007 0.0035 

0.8 0.008 0.0040 

0.9 0.009 0.0045 

1.0 0.010 0.0050 

1.1 0.011 0.0055 

1.2 0.012 0.0060 

1.3 0.013 0.0065 


The following table is a guideline for mL/min dellvery for a solution of 0.1 mg/mL (10 mg in 100 mL) with an Infusion pump. 
NORCURON® INFUSION RATE — mLAdIN 
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Anesthesiologists 


Albany Medical College has immediate 
openings for BC/BE Anesthesiologists to join 
our staff of 25 MDs, over 30 CRNAs and 30 
residents to provide team-approach anesthe- 
sia care for all types of cases. Interest in 
research and teaching is highly desirable. 








We are a 660-bed, tertiary care facility with 
20 newly renovated OR suites equipped with 
state-of-the-art instrumentation. 





Our highly competitive benefits package 
includes generous leave time, health and 
dental plan, pension and disability plan, 
malpractice and life insurance. 





Interested applicants should send CV 
and 3 references to: 





Philip D. Lumb, MB., BS. 
Professor and Chairman 
Albany Medical College 
Dept. of Anesthesiology 
Mail Code A-131 

Albany, NY 12208. 


CS EEO/AA Employer M/F/H 









THE GEORGE WASHINGTON 
UNIVERSITY MEDICAL 
CENTER 


Applications are invited from individuals inter- 
ested in positions as academic anesthesiologists 
at the Assistant or Associate Professor rank. 
Requirements for all applicants are: DC license, 
completion of an approved four year residency 
training program, preferably with one year op- 
tional training in a specialty, research or teach- 
ing. Additional consideration given to candi- 
dates having held previous faculty appointments 


with participation in research activity leading to 
publication. Salary commensurate with qualifi- 
cations. 


Please have C.V. and two letters of reference 
sent to: 


Dr. Herbert D. Weintraub, Interim Chairman 
Department of Anesthesiology 
The George Washington University 
Medical Center 
901 23rd Street, N.W. 
Washington, D.C. 20037 


George Washington University is an Equal Opportunity/Affirmative 
Action Employer. Applications will be accepted until the position is 
filled but no later than December 1, 1991. 






























The SafeTrak™ 
Epidural Catheter 
Adapter puts a 
whole new twist on 
epidural catheter 
management. Kendall’s unique design addresses your 
postoperative epidural pain management concerns. 


@ Insures safe, reliable catheter access 
over longer durations without accidental 
disconnection worry. 


m Clearly marked EPIDURAL, the SafeTrak 
Adapter is bright yellow to reduce drug 
injection errors. 

Œ Guesswork is eliminated when securing the 
adapter. When the word SAFETRAK lines up, 
your connection is complete. 

The SafeTrak Epidural Catheter Adapter. It puts a 
whole new twist on safety and reliability. 


Safety is SafeTrak 


SAFE TRAK 


ANESTHESIA SYSTEMS 





KENDALL 


HEALTHCARE PRODUCTS COMPANY 


15 Hampshire Street * Mansfield, MA 02048 ¢ 1-800-962-9888 


[_] Please send me more information on the SafeTrak™ Epidural 
Catheter Adapter. 


(_] Have a Kendall sales representative call me to schedule an 
appointment. 


Name 
Title 


| 

| 

| 

| 

| 

| 

| Institution 
| Street 

| City/State/Zip 

| Telephone: L it, 

|  SafeTrak is a trademark of Kendall Healthcare Products Company. 
| 


©1991 Kendall Healthcare Products Company. All rights reserved. 








THE ADVANTAGE 
OF CO-INDUCTION 





VERSED first, followed by a 
second anesthetic 


When given first, a small dose of VERSED” (midazolam 
HCl/Roche) may lower the induction ED. of barbiturates 
or narcotics up to 75%.'* This synergistic effect appears 
to result from a mutual enhancement of binding-site 
affinity. "° Clinically, co-induction may decrease toxicity 
and speed recovery.* VERSED can also abolish the 
excitatory effects and emergence phenomena associ- 
ated with some induction agents,‘ and its potent amnes- 
tic effect may avoid breakthrough awareness at times 
when short-acting induction agents may be wearing off. 


« Allows lower doses of induction agents'® 
. A smooth induction?’ 
a 2299 giek. of Breakthrough. awareness*’ 


Anesthetic Synergy 





Dosing considerations 


As a standard precaution, prior to I.V. administration of 
VERSED in any dose, oxygen and resuscitative equipment 
should be immediately available. VERSED should be used as 
an induction agent only by persons trained in anesthesiology 
and who are familiar with all dosing and administration guide- 
lines. Reduce dosage in elderly or debilitated patients, in 
patients receiving narcotic premedication and in those with 
limited pulmonary reserve. 

It is recommended that patients do not drive or operate haz- 
ardous machinery after receiving VERSED until the effects of 
the drug (e.g., drowsiness) are gone or until the day after 
anesthesia. The decision must be individualized. 


Please see summary of product information on following page. 


INJECTABLE 


VERSED 


midazolamHCl/Roche @ 


FIRST 


Injectable VERSED is available in 
1 mg/mL and 5 mg/mL strengths. 





References: 1. Tverskoy M, et al. Nidazoiaithiecenial anesthetic interaction In 
patients. Anesth Analg. 1968:67:342-345, 2. Vink HR, Bradley EL Jr, Kissin |. 
Midazolam for colnduction of anestheeia in 1990; 


of thiopental patients, Anesthesiology. 
73(3A):A1216. 3. Vink HR, Bradley EL Jr, Kissin |. Midazolam-alfentanl synergism for 


anesthetic induction in patients. Anesth Analg. 1989:60:213-217. 4. Ben-Shiomo |, 
st aj, Midazolam acts synergistically nduction of anaesthesia. Gr J 
Anaesth. 1990764:45-47. 5. White PF. cf intravenous agents 
for rapid sequence induction — , ketamine, and midazolam. 


Anesthesiology. 1982;57:279-284. 6. Desiderio DP, Thome AC. Awareness and 
general anaesthesia. Acta Anaesthesiol Scand. 1990;34(suppl 92):48-50. 


VERSED® 
(brand of midazolam HCl/Roche) (©. 
INJECTION 


Before prescribing, please consult complete product Information, a summary 
of which follows: 
‘| Intravenous VERSED has been associated with respiratory depression and 

for conscious sedation 


resuscitative druge and equipment and personnel tralned in their use should be 
assured. (See WARNINGS.) 
The initial Intravenous dose for conscious sedation may be as [ittle as 1 mg, but 


should never be given as a bolus; administer over at least 2 minutes and allow an 
additional 2 ar more minutes to fully evaluate the sedative effect. The use of the 

1 mg/mL. formutation or dëution of the 1 mg/mL or & mg/ml. formulation Is recom- 
mended to factitate slower Injection. Consult complete product Information under 
DOSAGE AND ADMINISTRATION for complete dosing Information. 


CONTRAINDICATIONS: Patients with known hypersensitivity to the drug. 
‘Banzodiazapinas are contraindicated In patients with acute narrow angle glaucoma; 
may be usad in open angle glaucoma only If patients are recelving appropriate , 


without Individuaiization of dosage. Prior to IV use in 
any dose, ensure immediate availabilty of oxygen, resuscitative equipment 


recovery pakki. Bacause V VERSED depresses , and opioid agonists and 


anesthesia and should be used for con- 


. Hypotension 
oscurred ore frequerty in the conscious sedation aee I patente prereka 
Reactions such as agitation, involuntary movements, 


dose of VERSED and all other drugs should be evaluated before proceeding. 

use of barbiturates, alcohol or other CNS depressants may increase the 
risk of undérventilation or apnea and may contribute to profound and/or 
SL ar a a ala ace 


ikon. elderly or debilitated patients require lower dosages for induction 
of anesthesia, premedicated or not. Patients with chronic obstructive pulmonary 
disease are unusually sensitive to the respiratory depressant effect of VERSED. 
iba eh elas E teh lh lbp 


of one or mora organ systeme, and because dosage req 

to decrease wth age, reduce Initial dosage and coneider possibilty of a profound 
andor pro onged effect. 

Do not administer in shock, coma, acute alcoho! Intoxication with depression of vital 
signs, Part cutar care should be exercised In the use of IV VERSED In patients with 
uncompansated acute finesses, such as severe fluid or electrolyte disturbances. 
Guard aga net unintended Intra-arterlal Injection; hazards in humans unknown. Avoid 
extravasation. 


Gross tests of recovery from the effects of VERSED cannot alone predict reaction 
tme under stress. This drug is never used alone during anesthesia, and the contribu- 
ton of other perioperative drugs and events can vary. The decision as to when 
patients may engage in activities requiring mental aleriness must be IndMdualized; It ls 
that no patient should operate hazardous machinery or a motor 
I E a ania such as drowsiness, have subsided or unti the 
whichever is 


patients. Treee patients wl aiso prcbably take longer to recover compet ater 
VERSED for induction of anesthesla. 

AO T espn ah ae EN beetle A a a ambi 
rate rise ardor blood pressure rise assoclated with endotracheal intubation under 


be exercised regarding simultaneous ingestion of alcoho! and benzodiazepines. 





VERSED® [brand of midazolam HCVRoche) 


2. inform your physician you are pregnant or are planing to become pregnant 

3. pbb orl chat ey are nureing. 

ale anA pelee i sedative affect of N VERSED fs accentuated by premedication, 

fey KA nacon {e.g Phorphine, maperidina, fantany) and siso secobarbita! and 
innovar (fentanyl and droperkio}. Consequently, adjust the dosage according to the 

type and amount of premedication 


A moderate reduction in induction dosage requirements of thiopental (about 15%) has 
been nated following use of IM VERSED for 
MV administration of VERSED decreases the minimum alveolar concentration (MAC) of 

cee acral alsa This decrease correlates with the does of 


administerect 
Although to poss of minor Interactive elects hs not been fuly tuk, 
have been used together in patients without noting 


riae elit in dosage, onset or duration. VERSED does not protect 
against the characteristic circulatory changes noted after administration of succinyl- 
or or against the Increased Intracranial pressure noted following 
administration of does not cause a 
change in dosage, onset or of a single Intubating dose of succinyicholine. 
significant adverse Interactions with « used or druge 
used during anestheela and atropine, scopolamine, glycopyrrolate, 
diazepam, hydroxyzine, d-tubocurarine, succinyicholing and nondepotarizing muscle 
relaxants) or topical fincluding iddocaine, dycionine HC and 


Cetacaing) have been observed. 
rare apat hoe A Midazolam has not been shown to interfere with 


Clinical laboratory test results. 

, inpakment of fertity: Midazolam malsate was admin- 
istered to mice and rate for two years. At the highest dose (80 mg/kg/day) fernate 
mice had a marked Increase In Incidence of hepatic tumors and male rats had a small 
but significant Increase In banign thyroid follicular cell tumors. These tumors were 
ee eee an eae eee ren Repl te rte ee me ae 


ic an elie RAS Acces were conducted. 

A reproduction study in rats did not show any Impairment of fertility at up to ten times 

the human IV dose. 

Pregnancy: Teratogentc effects: Pregnancy Category D. See WARNINGS section. 

Midazolam maleate Injactabte, at 5 and 10 times the human dose, did not show 

evidence of teratogenicity In rabbits and rats. 

Labor and delivery: Use In obstetrics has not been evaluated. Because midazolam is 

transferred transplacentally and because other benzodiazepines given In the last 

weeks of pregnancy have resulted in neonatal CNS depression, VERSED Is not 
recommended for obstetrical use 

Nursing mothers: it Is not known whether midazolam Is excreted in human milk. 

Because many drugs are excreted in human mik, caution should be exercised when 

Injectable VERSED is administered to a nursing woman. 

Pediatric use: Safety and effectiveness in chidren below the age of 18 have not been 

established. 

ADVERSE REACTIONS: See WARNINGS concerning serious cardiorespira- 


E vnc revo ne gp dlr breil bd aap Cee 
patients following IV administration), as well as variations in blood pressure and pulse 


rate. 
Following IM Infection: headache (1.396); local effects at IM site: pain (3.7%), indura- 
tion (0.5%), redness (0.5%), muscle stiffness (0.3%). V administration: 
hiccoughs (3.9%), nausea (2.8%), vomiting (2.6%), coughing (1.3%), “oversedatian” 
(1.6%), headache (1.596), drowsiness (1.2%); local effects at the IV site: tandemess 
Siel pain during Injection (5.0%), ESE opel induration (1.7%), phlebitis 
(0.4 96), Other effects (<1%) mainly following IV administration: Respiratory: 


, nervousness, anxiety, 
i , emergence delirium or agitation, emergence 
from anesthesia, dreaming during , Sleep disturbance, insomnia, night- 
mares, movements, surec 


hematoma. 

Drug Abuse and Dependence: Available date concerning the drug abuse and depen- 

Fe ne ree ere ernie 

that 

OVERDOSAGE: Manifestations would resemble those observed with other benzodi- 

azepines {e.g., sadation, somnolence, confusion, impaired coordination, diminished 
, coma, untoward effects on vital signa). No specific organ toxicity would be 


expect 
DOSAGE AND ADMINISTRATION: VERSED is a potent sedative agent which 
requires siow administration and Individualization of dosage. Clinical experi- 
ence has shown VERSED to be 3 to 4 times as potent per mg as diazepam. 
BECAUSE SERIOUS AND LIFE-THREATENING CARDIORESPIRATORY 
ADVERSE EVENTS HAVE BEEN REPORTED, PROVISION FOR MONITORING, 
DETECTION AND CORRECTION OF THESE REACTIONS MUST BE MADE 
FOR EVERY PATIENT TO WHOM VERSED INJECTION IS ADMINISTERED, 
REGARDLESS OF AGE OR HEALTH STATUS. Excess doses or rapid or single 
bolus Intravenous administration may result In respiratory depression and/or 
arrest. (See WARNINGS.) Prior to use refer to the DOSAGE AND ADMINIS- 
TRATION section In the complete product Information. 
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Precise Hands 


Before Surgical Incision During Maintenance 
Overpressuring® with Forane® rapidly achieves Alveolar concentrations of Forane® are easily 
the desired anesthetic tension in the brain, monitored and adjusted to accommodate your 
giving you confidence that your patient is patient's changing anesthetic requirements. 
ready for surgery. 


Precise Control with Forane* Through Induction, Maintenance and Recovery 
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* Overpressuring requires the use of an inspired concentration that can cause cardiovascular Graph generated from a computer simulation,’ depicting the relationship between inspired 


depression if administered for a sufficient period of time. Thus, the anesthetist must closely alveolar and brain partial pressures throughout a surgical procedure. During maintenance, 


monitor blood pressure and hear rate during the period overpressure is used brief periods of overpressure are used to accommodate the patient's changing anesthetic 


requirements during times of increased surgical stimulation 


' GUS Computer Simulation. GUS is a registered trademark of Quincy Street Corporation, Phoenix, AZ 
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-On Control 


Upon Recovery Be F' or an e 


Precise control of anesthetic depth and 
(isoflurane, USP) 


rapid elimination of Forane® through 
Please refer to Prescribing Information on the following page. Precise Hands-On Control 





the lungs facilitate an uneventful 
postanesthetic course for your patient. 
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Forane 
(isoflurane, USP) 


Precise Hands-On Control 


CAUTION Federal Law Prohibits Dispensing without Prescription 
DESCRIPTION 


FORANE (isoflurane, USP) a nonflammable liquid administered by vaporizing, is a general inhalation anesthetic drug 
It is 1-chloro-2,2,2-tnfluoroethy! difluoromethy! ether, and its structural formula is 


F H F 

| | | 
F—-cC—C—O—C-—H 
l 
F 








CI F 
Some physical constants are: 
Molecular weight 184 5 
Boiling point at 760 mm Hg 485 °C (uncorr) 
Refractive index nD 1 2990-1 3005 
Specific gravity 25 °/25 °C 1 496 
Vapor pressure in mm Hg** 20 °C 238 
25 °C 295 
30 °C 367 
35 °C 450 
**Equation for vapor pressure calculation 
logigPvap = A + 7 Where A = 8056 
B = -166458 
T = °C + 27316 (Kelvin) 
Partıtıon coefficients at 37 °C 
Water/gas 0.61 
Blood/gas 143 
Oil/gas 90.8 
Partition coefficients at 25 °C - rubber and plastic 
Conductive rubber/gas 62.0 
Butyl rubber/gas 75.0 
Polyvinyl chlonde/gas 1100 
Polyethylene/gas ~v20 
Polyurethane/gas ~ig 
Polyolefin/gas ~11 
Buty! acetate/gas ~25 
Purity by gas chromatography >999% 
Lower limit of flammability in oxygen or 
nitrous oxide at 9 joules/sec. and 23 ° None 


Lower limit of flammability in oxygen or Greater than usefu! 
nitrous oxide at 900 joules/sec. and 23 ° concentration in anesthesia 


Isoflurane is a clear, colorless, stable hquid containing no additives or chemucal stabilizers. Isoflurane has a mildly pungent, 
musty, ethereal odor. Samples stored in indirect sunlight in clear, colorless glass for five years, as well as samples directly 
exposed for 30 hours toa 2 amp, 115 volt, 60 cycle long wave UV light were unchanged in composition as determined 
by gas chromatography. Isoflurane in one normal sodium methoxide-methanol solution a strong base, for over six months 
consumed essentially no alkali, indicative of strong base stability. Isoflurane does not decompose in the presence of 
soda lime, and does not attack aluminum, tin, brass, iron or copper 





CLINICAL PHARMACOLOGY 
FORANE (isoflurane, USP) 1s an inhalation anesthetic. The MAC (minimum alveolar concentration) in man ıs as follows 
Age 100% Oxygen 70% N,O 
26 +4 1.28 i 056 
4447 115 050 
64 +5 1.05 0.37 


Induction of and recovery from isoflurane anesthesia are rapid. Isoflurane has a mild pungency which limits the rate 
of induction, although excessive salivation or tracheobronchial secretions do not appear to be stimulated. Pharyngeal 
and laryngeal reflexes are readily obtunded. The level of anesthesia may be changed rapidly with isoflurane. Isoflurane 
is a profound respiratory depressant. RESPIRATION MUST BE MONITORED CLOSELY AND SUPPORTED WHEN 
NECESSARY As anesthetic dose is increased, tidal volume decreases and respiratory rate is unchanged. This depres- 
sion ıs partially reversed by surgical stimulation, even at deeper levels of anesthesia. Isoflurane evokes a sigh response 
reminiscent of that seen with diethyl ether and enflurane, although the frequency is less than with enflurane 


Blood pressure decreases with induction of anesthesia but returns toward normal with surgical stamulation, Progressive 
increases in depth of anesthesia produce corresponding decreases in blood pressure. Nitrous oxide diminishes the 
inspiratory concentration of isoflurane required to reach a desired level of anesthesia and may reduce the artenal hypoten- 
sion seen with isoflurane alone. Heart rhythm is remarkably stable. With controlled ventilation and normal PaCQ3, 
cardiac output is maintained despite increasing depth of anesthesia primarily through an increase in heart rate which 
compensates for a reduction in stroke volume. The hypercapnia which attends spontaneous ventilation during isoflurane 
anesthesia further increases heart rate and raises cardiac output above awake levels, Isoflurane does not sensitize 
the myocardium to exogenously administered epinephrine in the dog. Limited data indicate that subcutaneous injec- 
tion of 0.25 mg of epinephrine (50 mL of 1:200,000 solution) does not produce an increase in ventricular arrhythmias 
in patients anesthetized with isoflurane. 


Muscle relaxation ıs often adequate for intra-abdominal operations at normal levels of anesthesia. Complete muscle 
paralysis can be attained with small doses of muscle relaxants. ALL COMMONLY USED MUSCLE RELAXANTS ARE 
MARKEDLY POTENTIATED WITH ISOFLURANE, THE EFFECT BEING MOST PROFOUND WITH THE NONDEPOLARIZ- 
ING TYPE. Neostigmine reverses the effect of nondepolarizing muscle relaxants in the presence of isoflurane All com- 
monly used muscle relaxants are compatible with isoflurane 


Isoflurane can produce coronary vasodilation at the arteriolar level in selected animal models?'?. the drug ıs probably 
also a coronary dilator in humans. Isoflurane, like some other coronary arteriolar dilators, has been shown to divert 
blood from collateral dependent myocardium to normally perfused areas ın an animal model (‘coronary steal")”. Clinical 
studies to date evaluating myocardial ischemia, infarction and death as outcome parameters have not established that 
the coronary arteriolar dilation Proppyy gf isoflurane is associated with coronary steal or myocardial ischemia in pa- 
tients with coronary artery disease “= 


Pharmacokinetics: Isoflurane undergoes minimal biotransformation in man. In the postanesthesia penod, only 0.17% 
of the isoflurane taken up can be recovered as urinary metabolites 


INDICATIONS AND USAGE 
FORANE (isoflurane, USP) may be used for induction and maintenance of general anesthesia Adequate data have 
not been developed to establish its application ın obstetrical anesthesia 


CONTRAINDICATIONS 
Known sensitivity to FORANE (isoflurane, USP) or to other halogenated agents 


Known or suspected genetic susceptibility to malignant hyperthermia 


References: 


WARNINGS 


Since levels of anesthesia may be altered easily and rapidly, only vaporizers producing predictable concentrations should 
be used. Hypotension and respiratory depression increase as anesthesia 1s deepened 


Increased blood loss comparable to that seen with halothane has been observed in patients undergoing abortions 


FORANE (isoflurane, USP) markedly increases cerebral blood flow at deeper levels of anesthesia There may bea tran 
sient rise in cerebral spinal fluid pressure which ıs fully reversible with hyperventilation 


PRECAUTIONS 

General: As with any potent genera! anesthetic, FORANE (isoflurane, USP) should only be administered ın an ade- 
quately equipped anesthetizing environment by those who are familiar with the pharmacology of the drug and qualified 
by training and experience to manage the anesthetized patient 


Regardless of the anesthetics employed, maintenance of normal hemodynamics ıs important to the avoidance of myocardial 
ischemia in patients with coronary artery disease4.5.6.7 


Information to Patients: Isoflurane, as well as other general anesthetics, may cause a slight decrease ın intellectual 
function for 2 or 3 days following anesthesia. As with other anesthetics, small changes ın moods and symptoms may 
persist for up to 6 days after administration. 


Laboratory Tests: Transient increases in BSP retention, blood glucose and serum creatinine with decrease in BUN, 
serum cholesterol and alkaline phosphatase have been observed 


Drug Interactions: Isoflurane potentiates the muscle relaxant effect of all muscle relaxants, most notably nondepolarizing 
muscle relaxants, and MAC (minimum alveolar concentration) is reduced by concomitant administration of N,O 
See CLINICAL PHARMACOLOGY 


Carcinogenesis: Swiss ICR mice were given isoflurane to determine whether such exposure might induce neoplasia 

Isoflurane was given at 1/2, 1/8 and 1/32 MAC for four in-utero exposures and for 24 exposures to the pups during the 
first nine weeks of life. The mice were killed at 15 months of age The incidence of tumors in these mice was the same 
as in untreated control mice which were given the same background gases, but not the anesthetic 


Pregnancy Category C: Isoflurane has been shown to havea possible anesthetic-related fetotoxic effect in mice when 
given in doses 6 umes the human dose There are no adequate and well-controlled studies in pregnant women Isoflurane 
should be used during pregnancy only if the potential benefit justifies the potential risk to the fetus 


Nursing Mothers: It is not known whether this drug is excreted in human milk Because many drugs are excreted 
in human milk, caution should be exercised when isoflurane is administered to a nursing woman 


Malignant Hyperthermia: In susceptible individuals, isoflurane anesthesia may tngger a skeletal muscle hypermetabolic 
state leading to high oxygen demand and the clinical syndrome known as malignant hyperthermia. The syndrome 
includes nonspecific features such as muscle rigidity, tachycardia, tachypnea, cyanosis, arrhythmias, and unstable 
blood pressure. (It should also be noted that many of these nonspecific signs may appear with light anesthesia, acute 
hypoxia, etc.) An increase in overall metabolism may be reflected in an elevated temperature (which may rise rapidly 
early or late in the case, but usually ıs not the first sign of augmented metabolism) and an increased usage of the CO, 
absorption system (hot canister) PaO, and pH may decrease, and hyperkalemia and a base deficit may appear Treat- 
ment includes discontinuance of tnggering agents (eg. isoflurane), admunistrauon of intravenous dantrolene sodium. 
and application of supportive therapy. Such therapy includes vigorous efforts to restore body temperature to normal, 
respiratory and circulatory support as indicated, and management of electrolyte-fluid-acid-base derangements (Con- 
sult prescribing information for dantrolene sodium intravenous for additional information on patient management ) 
Renal failure may appear later. and urine flow should be sustained if possible 


ADVERSE REACTIONS 
Adverse reactions encountered in the administration of FORANE (isoflurane, USP) are in general dose dependent ex- 
tensions of pharmacophysiologic effects and include respiratory depression, hypotension and arrhythmias 


Shivering, nausea, vomiting and ileus have been observed in the postoperative period 


As with all other general anesthetics, transient elevations in white blood count have been observed even in the absence 
of surgical stress 


See PRECAUTIONS for information regarding malignant hyperthermia 
OVERDOSAGE 


In the event of overdosage, or what may appear to be overdosage, the following action should be taken 
Stop drug admunistration, establish a clear airway and initiate assisted or controlled ventilation with pure oxygen 


DOSAGE AND ADMINISTRATION 

Premedication: Premedication should be selected according to the need of the individual patient, taking into account 
that secretions are weakly stimulated by FORANE (isoflurane, USP) and the heart rate tends to be increased The use 
of anucholinergic drugs is a matter of choice 


Inspired Concentration: The concentration of isoflurane being delivered from a vaporizer during anesthesia should 
be known. This may be accomplished by using 
a) vaporizers calibrated specifically for isoflurane. 


b) vaporizers from which delivered flows can be calculated. such as vaporizers 
delivering a saturated vapor which is then diluted The delivered concentra- 
uon from such a vaporizer may be calculated using the formula 


100 P, F 
% isoflurane = 


" 


Fr (P 4 - Py) 

Pressure of atmosphere 

Vapor pressure of isoflurane 

Flow of gas through vaporizer (mL/min) 
T Total gas flow (mL/min) 


where P 
P 
F 
F 


Isoflurane contains no stabilizer Nothing ın the agent alters calibration or operation of these vaporizers 


Induction: Induction with isoflurane in oxygen or in combination with oxygen-nitrous oxide mixtures may produce 
coughing, breath holding, or laryngospasm These difficulties may be avoided by the use ofa hypnotic dose ofan ultra- 
short-acting barbiturate. Inspired concentrations of 1 5 to 30% isoflurane usually produce surgical anesthesia in 7 to 
10 minutes. 


Maintenance: Surgical levels of anesthesia may be sustained witha 1 0to2. 5% concentration when nitrous oxide is us- 
ed concomutantly. An additional 05 to 1.0% may be required when isoflurane is given using oxygen alone If added relaxation 
is required, supplemental! doses of muscle relaxants may be used 


The level of blood pressure during maintenance ıs an inverse function of isoflurane concentration ın the absence of other 
complicating problems. Excessive decreases may be due to depth of anesthesia and in such instances may be corrected 
by lightening anesthesia 


HOW SUPPLIED 
FORANE (isoflurane, USP), NDC 10019-360-40, ıs packaged ın 100 mL amber-colored bottles 


Storage: Store at room temperature 15 ° - 30 °C (59 ° - 86 °F) Isoflurane contains no additives and has been demonstrated 
to be stable at room temperature for periods ın excess of five years 
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Editorial: The Big “Little Problem” 
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for patients undergoing all types of procedures 

requiring anesthesia or sedation. Particular 
groups of patients have been identified as being at 
higher risk, i.e., those with predisposing factors to 
prolonged gastric emptying (e.g., obstetric, bowel 
obstruction, or diabetic), those with recent food or 
liquid intake, those with inadequate protective mech- 
anisms (e.g., hiatal hernia, nasogastric tube in place, 
or anesthetized upper airway), or those undergoing 
nausea-producing procedures, such as laparoscopy. 
As the authors of the accompanying articles (1,2) 
have pointed out, previous pharmacologic efforts to 
diminish the incidence and/or reduce the risk of 
emesis have included administering antihistaminics, 
anticholinergics, and dopamine antagonists. Some- 
times narcotic-based anesthetic techniques are 
avoided. Physical maneuvers have included impos- 
ing various “nothing per os” regimens, preanesthetic 
suctioning of gastric contents, application of cricoid 
cartilage pressure, avoiding inflation of the stomach 
during ventilation by mask, and ingestion of antacid 
solutions. None of the above, alone or in combina- 
tion, have been entirely successful in mitigating the 
distressing occurrence of emesis and its potential 
sequelae. 

The predisposing factors mentioned above are 
more common within the inpatient population. How- 
ever, as the number of acceptable surgical procedures 
increases in the field of ambulatory anesthesia, the 
need to find more effective alternatives to the options 
now available becomes more urgent. The potential 
cost savings of performing these procedures on an 
ambulatory basis may be negated by an unanticipated 
postoperative admission for intractable nausea (3). In 
addition, although intractable nausea is distressing, 
possibly dehydrating, and not easily manageable at 
home, the expense of a hospital stay is disproportion- 
ate to the actual morbidity of nausea for most healthy 
outpatients. Thus the therapy of last resort, hospital- 


) <tioperative nausea and emesis pose problems 
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ization, is ultimately unsatisfactory for the patient, 
the anesthesiologist, and the surgeon. 

Even lesser degrees of postoperative nausea are 
often perceived as failures of therapy, rather than as 
an unavoidable consequence of the perioperative 
experience. In most instances, the latter is in fact the 
case because of imperfect treatment options. When 
queried about previous anesthetic experiences, many 
patients are heard to lament about the distressing 
nausea after a prior procedure and beg to be spared 
that experience again. During preoperative evalua- 
tions for subsequent anesthetics, such patients are 
often assured that the latest available antiemetic 
medications will be administered and that a nausea- 
sparing anesthetic technique will be used. However, 
anesthesia providers cannot be sure that such a goal 
will be realized with the antiemetic treatment alter- 
natives now available. 

A potential new entry into the antiemetic pharma- 
copeia is ondansetron, of the class of selective 5-hy- 
droxytryptamine subtype 3 (5-HT,) receptor antag- 
onists, which lack effects at cholinergic, adrenergic, 
dopaminergic, or histaminergic receptors (4). Ondan- 
setron (+1,2,3,9-tetrahydro-9-methyl-3[(2-methyl-1H- 
imidazol)-1-methyl]-4H-carbazol-4-one, monohydro- 
chloride, dihydrate) is structurally related to serotonin. 
5-HT; receptors are. located both peripherally (vagal 
nerve terminals) and centrally (chemoreceptor trigger 
zone). The antiemetic properties of ondansetron may 
be mediated peripherally, centrally, or both. 

Ondansetron has been studied in relation to cancer 
chemotherapy-induced emesis (5,6), which is associ- 
ated with serotonin release from small intestine en- 
terochromaffin cells and urinary excretion of seroto- 
nin metabolites. Presumably, the release of serotonin 
stimulates vagal afferent 5-HT3 receptors and/or the 
central vomiting reflex. In experimental animal stud- 
ies, cisplatin-induced emesis can be prevented by 
section of the abdominal vagus and greater splanch- 
nic nerve, or by pretreatment with either a serotonin 
synthesis inhibitor or a 5-HT, receptor antagonist. In 
normal volunteers, ondansetron has little effect on - 
lower esophageal sphincter pressure, esophageal or 
gastric motility, or small bowel transit time. By 5-HT; 
selectivity, the undesirable side effects of using an- 
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tagonists of dopaminergic, cholinergic, or histamin- 
ergic receptors as antiemetic agents, such as dyspho- 
ria, sedation, or extrapyramidal symptoms, will 
presumably be avoided. Ondansetron is hepatically 
metabolized, with a half-life of 3-5 h in healthy 
volunteers. Clearance decreases and half-life in- 
creases with increasing age. There was no difference, 
however, in the prevention of nausea and emesis in 
pediatric chemotherapy patients over 4 yr of age or in 
elderly patients in trials to date (7). 

Based on the success of ondansetron in the treat- 
ment of cytotoxic chemotherapy-induced emesis, 
several groups describe the clinical application of 
ondansetron to the treatment of postoperative nausea 
and vomiting. In a study published in the June 1991 
issue cf Anesthesia and Analgesia, Leeser and Lip (8) 
found that the preoperative administration of on- 
dansetron, 16 mg orally, reduced the incidence of 
postoperative nausea and vomiting from 52% and 
40% (i.e., placebo) to 17% and 12%, respectively, in 
patients undergoing abdominal gynecologic opera- 
tions. The accompanying two articles (1,2) also report 
clinical applications of ondansetron to the treatment 
of postoperative nausea and vomiting. Larijani et al. 
(1), compared a single intravenous dose of 8 mg of 
ondansetron with placebo in a randomized, double- 
blind scheme, for the treatment of nausea or vomiting 
within 2 h of a thiopental-N,O-narcotic-muscle relax- 
ant anesthetic in a unselected group of 36 inpatients 
(18 received each treatment). The 36 patients repre- 
sented a 16% incidence of nausea and vomiting out of 
a total of 229 patients who consented to participate in 
the study. Success was defined as no requirement for 
a prochlorperazine rescue treatment because of abate- 
ment of nausea by 10 min after study drug adminis- 
tration. as well as no vomiting. Twenty-eight percent 
of ondansetron-treated patients and 78% of placebo- 
treated patients failed these criteria. Arterial blood 
pressure, heart rate, and respiratory rate were stable 
during the study; side effects were minor and ques- 
tionably related to the treatments, according to the 
authors. 

Bodner and White (2) looked at a more homoge- 
neous group of young female patients undergoing 
outpatient laparoscopic gynecologic procedures, 
again using a narcotic-based anesthetic technique 
(thiopental-alfentanil-succinylcholine-N,O), in a ran- 
domized, double-blind, placebo-controlled design. 
Forty-six percent of 155 patients met the criteria for 
study drug administration, i.e., nausea lasting 
greater than 10 min or at least two episodes of emesis 
or retching in the recovery room. Of these, 35 re- 
ceived ondansetron (8 mg IV), and 36 received pla- 
cebo. Those who were still nauseated 30 min after 
receiving the study drug, or who vomited, were 
given a rescue treatment consisting of metoclopra- 
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mide-hydroxyzine. A second rescue treatment with 
droperidol was also available. Noninvasive vital signs 
were stable, and side effects were minor and similar 


. in number between the two groups. Forty-three per- 


cent of the ondansetron group received a first rescue 
treatment vs 86% of the placebo group. Forty-two 
percent of the placebo group who received metoclo- 
pramide-hydroxyzine met the treatment failure crite- 
ria and received a subsequent droperidol rescue treat- 
ment. 

These three studies (1,2,8) clearly represent initial 
investigations in determining the suitability of on- 
dansetron for the treatment of perioperative nausea 
and emesis. The difference in occurrence of nausea 
and emesis resulting in entry into the treatment wing 
of each study (16% Larijani et al. [1] vs 46% Bodner 
and White [2]) presumably reflects the high incidence 
of these sequelae in laparoscopic patients. In contrast 
to the Leeser and Lip (8) study, these two studies 
used ondansetron only for the treatment of estab- 
lished nausea and emesis, rather than prophylacti- 
cally for the prevention of its occurrence. All three 
studies gave only one dose based on information in 
cancer patients (for whom it is recommended to 
receive ondansetron in three divided doses over the 
course of the day in which the chemotherapeutic 
agents are administered [6]). None of the studies 
were designed to compare ondansetron with other 
currently available perioperative antiemetic thera- 
pies. Although an inference can be drawn from the 
Bodner and White study (2) in which 43% of the 
ondansetron- and 42% of the placebo/metoclopra- 
mide-hydroxyzine—treated patients required other 
subsequent antiemetic treatment, the optimum dose 
of ondansetron is not known for this application, and 
the circumstances of the administration of on- 
dansetron vs metoclopramide-hydroxyzine were not 
equivalent in the study. Finally, the role of a 5-HT; 
receptor antagonist in combination with other anti- 
emetic agents with different mechanisms of action 
will need to be evaluated to determine (a) if addi- 
tional efficacy can be obtained by drug combinations, 
(b) if drug doses can be lowered should combinations 
prove efficacious, and (c) that no untoward side 
effects occur with antiemetic combinations that in- 
clude ondansetron. 

Thus, although there is reason to be hopeful, it is 
too early to tell whether ondansetron will prove to be 
a significant improvement over extant therapies for 
the vexing problem of perioperative nausea and eme- 
sis. As compared with specific cytotoxic chemother- 
apeutic agents that trigger 5-HT release, periopera- 
tive nausea and emesis may be a multifactorial issue, 
related to a variety of physical, anatomic, physio- 
logic, and pharmacologic interactions. On the other 
hand, despite a variety of etiologic factors in the 
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perioperative period, it is possible that ondansetron, 
alone or in combination with other agents with dif- 
ferent mechanisms of action, may increase the prob- 
ability of preventing or aborting nausea and emesis in 
perioperative patients. 

Future studies with ondansetron, as well as with 
other potentially novel antiemetic agents, will be 
eagerly awaited. The impact and applicability of a 
significant improvement in antiemetic therapy for 
surgical patients would ke enormous. 
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Treatment of Postoperative Nausea and Vomiting With 
Ondansetron: A Randomized, Double-Blind Comparison 


With Placebo 
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Postoperative nausea and vomiting are common after 
recovery from general anesthesia. The antiemetic 
effect and safety of ondansetron, a selective serotonin 
type 3 (5-HT3) receptor antagonist, was determined 
in 36 patients suffering from nausea or vomiting 
during recovery from intravenous anesthesia by giv- 
ing either a single intravenous dose of ondansetron 
(& mg, n = 18) or placebo (n = 18) over 2-5 min ina 
randomized, double-blind manner. A “rescue” anti- 
emetic was provided in case of continued vomiting or 
at the patient’s request. Antiemetic efficacy was de- 
fined as no request for rescue antiemetic and/or no 
vomiting episode during the next 4 h. There was no 


ausea and vomiting are common during re- 

covery from general anesthesia. In the ab- 

sence of a perioperative antiemetic, 20%-40% 
of adult patients recovering from general anesthesia 
may experience postoperative emesis (1,2). The fre- 
quency of postoperative emesis is influenced by fac- 
tors such as the patient’s age and sex, type of sur- 
gery, duration of the surgical procedure, anesthetic 
technique, and the patient’s ambulatory status (1-4). 
Although various antiemetics have been evaluated 
for the management of postoperative nausea and 
vomiting, none have proved to be uniformly effective 
and some have undesirable side effects (1-8). 

The role of serotonin receptors in drug-induced 
emesis has recently received increasing attention. 
Drugs that competitively antagonize the effect of 
serotonin at 5-hydroxytryptamine subtype 3 (5-HT3) 
receptors are useful antiemetics both in animals and 
in humans receiving cisplatin. Ondansetron, a 5-HT, 
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significant difference in the demographic data be- 
tween the groups. Administration of ondansetron or 
placebo had no significant effect on vital signs. On- 
dansetron was an effective antiemetic in 78% (14/18) 
and placebo was effective in 28% (5/18) of the pa- 
tients. Laboratory studies 24 h later showed no signs 
of hematologic, hepatic, or renal alterations. On- 
dansetron at a dose of 8 mg administered intrave- 
nously over 2-5 min appears to be a safe and effective 
antiemetic for the treatment of nausea and/or vomit- 
ing after intravenous anesthesia. 

(Anesth Analg 1991;73:246-9) 


receptor antagonist, is an effective antiemetic when 
used for the prevention of chemotherapy-induced 
nausea and vomiting (9-13). We designed this study 
to evaluate the efficacy and safety of ondansetron in 
the treatment of patients suffering from postoperative 
nausea and/or vomiting. 


Methods 


After explaining the nature of the study, written 
informed consent was obtained from ASA physical 
status I-III patients scheduled to undergo elective 
surgical procedures under general anesthesia. Pa- 
tients between the ages of 18 and 65 yr were eligible. 
Exclusion criteria were laboratory or clinical evidence 
of renal, hematologic, or hepatic abnormalities, preg- 
nancy, morbid obesity, a history of substance abuse, 
or antiemetic therapy within 24 h of surgery. Patients 
were premedicated with an intramuscular injection of 
morphine (5-10 mg) and atropine (1 mg) or scopola- 
mine (0.4 mg) 1-2 h before induction of anesthesia. 
An intravenous anesthetic technique was used for all 
patients which consisted of thiopental, N,O/O, (70/30 
ratio), a narcotic (either morphine, fentanyl, sufenta- 
nil, or alfentanil), and a muscle relaxant (either pan- 
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curonium, vecuronium, atracurium, succinylcholine 
or d-tubocurarine). The choice of narcotic and muscle 
relaxant was left to the discretion of the attending 
anesthesiologist. No patient received any antiemetic 
during the operation. 

After arrival in the recovery room, patients were 
monitored according to the hospital protocol. Recov- 
ery room nurses knew the nature of the study and 
informed the study personnel if the patient com- 
plained of nausea or hac a vomiting episode within 
2 h of arrival in the recovery room. Patients who 
complained of nausea or vomited were asked to 
grade the severity of their nausea as none, mild, 
moderate, or severe. Patients who were nauseated 
and needed an antiemetic were then given either an 
intravenous injection of ondansetron (8 mg) diluted 
to 20 mL with normal saline or placebo over 2-5 min 
in a randomized, double-blind manner. Arterial 
blood pressure and heart rate were measured nonin- 
vasively immediately before and 2, 4, 6, 8, 10, 20, and 
30 min after the injection. Respiratory rate was also 
measured at these times. If the nausea persisted for 
more than 10 min after injection or if vomiting oc- 
curred, then “rescue” antiemetic (intravenous 
prochlorperazine, 2-5 mg) was given and the patient 
was dropped from further antiemetic efficacy evalu- 
ation. Patients assessed the severity of nausea every 
30: min for 4 h after administration of the study drug 
injection. | 

After the 4-h observation period, the antiemetic 
requirement of the patients was at the discretion of 
their primary care physician. Patients were given 
morphine or meperidine for postoperative pain. 
Blood samples for evaluation of renal, hepatic, and 
hematologic function were drawn 24 h after injection 
of ondansetron or placebo. Totally effective anti- 
emetic response was defined as no request for rescue 
antiemetic and no further vomiting during the 4-h 
observation period. The study was approved by our 
institutional review board for the protection of hu- 
man subjects. 

Patients were randomized using a computer- 
generated randomization schedule provided by the 
Department of Biostatistics at Glaxo Inc. Data were 
analyzed by unpaired Student's t-test, Mantel- 
Haenszel x“ test, and two-way repeated measures 
analysis of variance followed by Duncan multiple 
range test. A P value <0.05 was considered signifi- 
cant. A 95% confidence interval using f-distribution is 
also reported. Data are reported as mean + sD. 


Results 


Two hundred twenty-nine patients (68 male, 161 
female) gave informed consent to participate in this 
study and 50 (21.8%) of these patients (5 male, 45 
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Table 1. Demographic Data 


Characteristics Ondansetron Placebo 
No. of patients 18 18 
Sex 

Male 1 1 

Female 17 17 
Ethnic origin 

White 13 12 

Black 4 6 

Oriental 1 0 
Age (yry 35 + 10 37 27 
Weight (kg)* 69 + 17 69 + 14.6 
Height (cm)* 165 + 8 166 + 7.2 

"Mean + sp. 





MMHG 
z 





TIME (min} 


Figure 1. Arterial blood pressures (systolic, circles, diastolic, 
squares) after ondansetron (filled symbols) and placebo (open symbols) 
administration. Vertical lines represent 1 sD. 


female) became nauseated or vomited within 2 h of 
arriving in the recovery room. Of these 50 patients, 14 
either did not require antiemetic therapy or were no 
longer nauseated after the emetic episode. Thirty-six 
patients (2 male, 34 female) (15.7%) were given either 
ondansetron (n = 18) or placebo (n = 18). 

Table 1 summarizes the demographic data. The 
majority of patients in each treatment group had 
undergone either an orthopedic or a gynecologic 
procedure. The two groups were not significantly 
different with respect to the patient demographics. 
The mean time between arrival in the recovery room 
and the administration of study drug was 37.4 + 
38 min in the ondansetron group and 33.2 + 29.7 min 
in the placebo group. 

Figure 1 depicts arterial blood pressures in the two 
treatment groups. There were no significant differ- 
ences in heart rate, blood pressure, or respiratory rate 
between the two treatment groups during the course 
of the study. Within 2—4 min after the administration 
of placebo or ondansetron, systolic blood pressure 
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Figure 2. Percentage of the patients requiring rescue therapy or 
having a vomiting episode after study drug administration. O, 
placebo; ®, ondansetron. 


decreased by an average of approximately 5 mm Hg, 
diastolic blood pressure decreased by an average of 
3 mm Hg, and heart rate decreased by an average of 
4 beats/min. 

There was no significant difference between the 
two treatment groups in the degree of nausea before 
treatment. Figure 2 depicts percentage of the patients 
requiring rescue therapy or having a vomiting epi- 
sode as a function of time in the two groups. During 
the 4-h observation period, 12 of the 18 patients given 
placebo injection requested rescue therapy and one 
vomited. In the ondansetron group, three patients 
requested rescue therapy and one vomited. Control 
of nausea was obtained in significantly more patients 
given ondansetron than in patients given placebo 
injections (78% vs 28%, P < 0.01, 95% confidence 
interval = 22%-78%). No significant difference in the 
nausea score could be demonstrated between the two 
treatment groups during the course of the study. The 
mean time from the administration of the study drug 
until the administration of rescue therapy was 92.2 + 
64.8 and 95.7 + 86.4 min in the placebo and on- 
dansetron groups, respectively. 

There were no clinically significant changes in 
hematologic, hepatic, or renal data in either group. 
Adverse events were reported by five ondansetron- 
treated patients and one placebo-treated patient. In 
the ondansetron group adverse events included 
diplopia (1), rash (1), pruritus (1), and dizziness (3). 
The relationship between these side effects and on- 
dansetron administration was assessed to be unlikely 
(n = 3) or unrelated (n = 3). In the group receiving 
placebo, one patient complained of dizziness. 


Discussion 


Postoperative nausea and vomiting are common se- 
quelae of general anesthesia and a leading cause of 
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delayed discharge or hospital readmission after am- 
bulatory surgical procedures (1,2,14). In the absence 
of a prophylactic antiemetic, the incidence of nausea 
and vomiting in an adult surgical population receiv- 
ing general anesthesia is approximately 20%—-40%, 
most of which occurs during the first 2 h of recovery 
from anesthesia (1,2). In patient populations such as 
those undergoing laparoscopic procedures, however, 
nausea and/or vomiting may occur more frequently 
during the first postoperative day (5). The incidence 
of nausea and vomiting during the first 2 h of surgery 
in our patient population, approximately 22%, was 
more frequent in young to middle-aged female pa- 
tients, as has also been reported in other studies (1,2). 

Various antiemetics have been evaluated for the 
prevention and/or treatment of postoperative nausea 
and vomiting. Despite a wide variation in response to 
antiemetics and associated undesired side effects, 
antiemetics are routinely used perioperatively (1-8). 
Ondansetron (GR 38032F) is a potent and highly 
selective antagonist of serotonin at the 5-HT; receptor 
with demonstrated antiemetic effect in animals and 
patients receiving cisplatin, other chemotherapy, or 
radiation therapy (9-13). The patient population se- 
lected in this study consisted of otherwise healthy 
patients expected to remain hospitalized for at least 
the first postoperative day, so that a more complete 
evaluation of the safety of ondansetron profiles could 
be made. The 8-mg dose of ondansetron selected for 
this study was based on its efficacy in cancer patients 
receiving high-dose cisplatin (>100 mg/m?) (15). 

Although ondansetron was a significantly more 
effective antiemetic than a placebo injection in this 
study, no significant differences in the nausea score 
could be demonstrated between the two treatment 
groups during the course of the study. This is most 
likely due to the number of dropouts in the placebo 
group and/or perhaps the lack of sensitivity of a 
discrete scale in evaluating the subjective symptoms 
of nausea. The side effects observed in this study 
were relatively mild and judged to be either unrelated 
or not likely due to ondansetron administration. We 
conclude that ondansetron at a dose of 8 mg given 
intravenously over 2-5 min appears to be safe and is 
significantly more effective than placebo for the treat- 
ment of postoperative nausea and vomiting after 
intravenous anesthesia. Future studies comparing 
the antiemetic efficacy and side-effect profiles of var- 
ious doses of ondansetron with those of other com- 
monly used agents both for the treatment and pre- 
vention of postoperative nausea and vomiting are 
warranted. 


The authors thank Carolyn Harwick for her secretarial expertise. 
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Antiemetic Efficacy of Ondansetron After 


Outpatient Laparoscopy 


Matthew Bodner, MD, and Paul F. White, PhD, MD 


Department of Anesthesiology, Washington University School of Medicine, St. Louis, Missouri 


The safety and efficacy of ondansetron were evalu- 
ated for the treatment of postoperative nausea and 
vomiting after laparoscopic surgical procedures. Sev- 
enty-one healthy, consenting outpatients were ran- 
domly assigned to one of two treatment groups 
according to a double-blind, placebo-controlled pro- 
tocol. A standardized anesthetic technique consisting 
of alfentanil-thiopental-succinylcholine for induction 
and alfentanil-nitrous oxide-succinylcholine for main- 
tenance of anesthesia was used. Patients in whom 
postoperative nausea and/or vomiting developed and 
persisted for =10 miri received equivolemic intrave- 
nous injections of either ondansetron (8 mg) or saline 
(placebo) over a 2~5-min period. Ondansetron signif- 


ausea and vomiting are among the most un- 

pleasant experiences associated with ambula- 

tory surgery. In addition, the occurrence of 
intractable postoperative nausea and vomiting is the 
most frequent anesthetic-related cause for unexpected 
hospital admission of surgical outpatients (1,2). Most of 
the currently used antiemetic drugs (e.g., antihistamin- 
ics, anticholinergics, dopamine receptor antagonists) 
possess clinically significant side effects (e.g., sedation, 
a-adrenergic blockade, dry mouth, dysphoria, restless- 
ness, and extrapyramidal symptoms). 

Ondansetron is a carbazalone derivative that is struc- 
turally related to serotonin (Figure 1) and possesses 
specific 5-hydroxytryptamine (5-HT) subtype 3 receptor 
antagonism, without altering dopamine, histamine, or 
adrenergic or cholinergic receptor activity (3). Before 
initiating comparative clinical trials, it was necessary to 
determine if the maximum allowable dose of on- 
dansetron possessed significant antiemetic activity in 
the postoperative setting. (At the time this investigation 
was performed, 8 mg of ondansetron was the maximal 
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icantly decreased the posttreatment nausea scores (vs 
placebo) without increasing sedation or producing 
changes in cardiorespiratory parameters. In the pla- 
cebo-treated group, 92% of the patients experienced 
subsequent episodes of vomiting in the postanesthe- 
sia care unit compared with 51% of the patients in the 
ondansetron group. Finally, only 43% of the on- 
dansetron-treated patients required a “rescue” anti- 
emetic compared with 86% in the placebo group. 
Thus, ondansetron (8 mg IV) was associated with a 
decreased incidence of nausea and vomiting after 
outpatient laparoscopic procedures. 

(Anesth Analg 1991;73:250-4) 


dose we were permitted to use for the treatment of 
acute postoperative emetic symptoms. [Personal com- 
munication with Alan F. Joslyn, Ph.D., Glaxo, 5 Moore 
Drive, Research Triangle, Park, NC 27709].) Therefore, 
we designed a randomized, double-blind, placebo- 
controlled clinical study to evaluate the efficacy and 
safety of ondansetron when used to treat postoperative 
nausea and vomiting in outpatients undergoing elective 
laparoscopic surgical procedures. 


Methods 


One hundred fifty-five healthy nonpregnant female 
outpatients, aged 18-45 yr, scheduled to undergo 
diagnostic laparoscopy or laparoscopic tubal ligation 
procedures gave written informed consent to partic- 
ipate in the study should they develop nausea and 
vomiting after their operation. Institutional review 
board approval was obtained from the Washington 
University Human Studies Committee. A preopera- 
tive health screening questionnaire was completed by 
all the patients. Exclusionary criteria included pa- 
tients who had taken an antiemetic or psychoactive 
medication within 24 hours before surgery, those 
who were more than 25% above ideal body weight, 
and those with a serum creatinine concentration 
greater than 2.0 mg/dL or an alanine aminotrans- 
ferase concentration greater than 200 IU/L. A nega- 
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Figure 1. Chemical structures of 5-hydroxytryptamine (serotonin) 
and ondansetron (GR 38032F). 


tive pregnancy test result was obtained for each 
patient before she entered the study. 

All patients received the same anesthetic technique 
consisting of alfentanil (25-50 yg/kg IV), coe tec 
(2-5 mg/kg IV), and succinylcholine (1-1.5 a 
for induction and alfentanil (0. 5-1. 5 ug kg`t-min 
succinylcholine (50-150 yg:kg™*-min™ IV), and a 
nitrous oxide in oxygen for maintenance of anesthesia. 
Isoflurane (0.25%-0.5%) was administered if needed to 
maintain hemodynamic stability (i.e., arterial blood 
pressure and heart rate within 15% of their preinduc- 
tion baseline values). Patients who complained of per- 
sistent nausea (lasting =10 min) and/or experienced at 
least two episodes of emesis or retching after entering 
the recovery room were given either ondansetron (n = 
35) or saline (n = 36) according to a randomized, 
double-blind protocol. The randomization scheme was 
computer-generated by the sponsor. 

Ondansetron (1,2,3,9-tetrahydro-9-methyl-3[(2- 
methyl-1H-imidazole)-1-methyl]-4H-carbazol-4-one, 
hydrochloride dihydrate) in citrate buffer at pH 3.5 
was supplied by the manufacturer (Glaxo, Inc., Re- 
search Triangle Park, N.C.) in 8-mg (2 mg/mL) ali- 
quots that were diluted to 20 mL with normal saline 
by the hospital pharmacist. Identically labeled vials 
containing 4 mL of the citrate buffer at pH 3.5 were 
diluted to 20 mL with normal saline and administered 
as the placebo treatment. The study medication was 
infused intravenously over a 2-5-min interval to 
minimize pain on injection. Vital signs were recorded 
at 1-2-min intervals for the first 10 min and subse- 
quently at 5-min intervals for 60 min after study drug 
administration. Patients who continued to vomit or 
experienced persistent nausea lasting =30 min after 
administration of the study drug were given “rescue” 
antiemetic medication consisting of 20 mg of meto- 
clopramide and 25 mg of hydroxyzine diluted in 50 mL 
of normal saline and infused over 10-15 min. Patients 
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requiring additional antiemetic therapy because of per- 
sistent or recurrent nausea or vomiting after the rescue 
combination of metoclopramide and hydroxyzine were 
given 0.625-1.25 mg of droperidol intravenously. 

The number of emetic episodes during the initial 
4-h postoperative study period was recorded. Nausea 
was assessed using an 1l-point verbal nausea scale 
(0 = no nausea to 10 = nausea ‘as bad as it could be”) 
just before treatment and then every 30 min until the 
patients were dischargec from the Barnes Hospital 
Outpatient Surgery Center {i.e., when they satisfied 
standardized discharge criteria). Linear visual ana- 
logue scales (4) (0 = no nausea to 100 = severe 
nausea) were also used to assess nausea just before 
(0 min) and at 5-, 10-, 15-, 30-, 60-, 90-, and 120-min 
intervals after treatment. In addition, linear visual 
analogue scales were used to assess sedation, anxi- 
ety, and pain (0 = minimal to 100 = maximal effect) at 
the same time intervals. Monitoring in the postanes- 
thesia care unit included arterial blood pressure, 
heart rate, respiratory rate, and oxygen saturation. 
These data were recorded before and 2, 4, 6, 8, 10, 20, 
30, and 60 min after study drug (ondansetron or 
saline) administration. The research nurse noted the 
times to ambulation and discharge, as well as any 
postoperative complications. During the 24-h post- 
treatment period, patients recorded the number of 
emetic episodes, an overall nausea score (using the 
same 11-point scale), and the need for antiemetic and 
analgesic medications on a follow-up questionnaire 
(diary). In addition, all side effects experienced by the 
patient after discharge were recorded in this diary. 
Ninety-three percent of these questionnaires were 
returned to the investigators. 

These data were analyzed with the Stata statistical 
program using analysis of variance (on continuous 
variables) and nonparametric methods (x*, Kruskall- 
Wallis), with P values <0.05 considered statistically 
significant. Bonferroni’s correction for multiple com- 
parisons between treatment group means was also 
applied. The Wilcoxon rank sum test was used to 
determine differences in the median verbal nausea 
scores. The differences in nausea visual analogue 
scores before and after treatment were calculated for 
individual patients at each time point during the first 
60 min after drug treatment. The overall mean paired 
differences for the two treatment groups were com- 
pared using repeated measures of analysis of vari- 
ance. Values are reported as mean + sp (except as 
noted in the figures). 


Results 


Although the ondansetron (vs saline) group was 
younger (29 + 6 vs 33 + 6 yr, P = 0.046); there were 
no significant differences PENVEER the two treatment 


A 


Ten 
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Table 1. Demographic Data and Total Dosages of 
Anesthetic, Analgesic, and Muscle Relaxant Drugs for the 
Two Treatment Groups 





Saline Ondansetron 

Number (1) 36 35 
Age (yr) 33 + 6 29 + 6° 
Weight (kg) 66 + 13 66 + 13 
Height (cm) 164 + 8 165 + 9 
No previcus general anesthetic 4 10 
History of postoperative 6 6 

nausea/vomiting 
Duration of anesthesia (min) 79 + 54 75 t 44 
Thiopental dose (mg) 303 + 112 296 + 102 
Succinylcholine dose (mg) 121 + 82 105 + 68 
Alfentanil dose (mg) 6.2 £ 3.3 6.2 £27 
Isoflurane used to maintain 12 8 


hemodynamic stability % 


Mean value + sp (or numbers). 
“Significantly different from the placebo group; P = 0.046. 


Table 2. Number of Episodes of Emesis in the Two 
Groups After Treatment With the Study Drug and 
Rescue Medication 


Saline Ondansetron 

Recurrence at 0-2 h 

None 3 T 

1 Episode 2 2 

2—4 Episodes 0 1 

>4 Episodes” 31 15° 
Recurrence after rescue medication 

At24h 15 5r 

At 4-24 h 8 3 


“Significantly different from the placebo group; P < 0.01. 
*These patients all received rescue antiemetic medication. 


groups with respect to weight, height, types of sur- 
gical procedures, duration of anesthesia, or anes- 
thetic drugs (Table 1). Analysis of patient responses 
to the preoperative screening questionnaire revealed 
no significant differences between the two groups 
with respect to medication allergies, alcohol or drug 
intake, or history of nausea/vomiting after previous 
operations. : 

The efficacy of ondansetron compared with pla- 
cebo treatment is summarized in Tables 2 and 3 and 
Figures 2A and 2B. Of the ondansetron-treated pa- 
tients, 49% experienced no subsequent emetic epi- 
sodes during their stay in the postanesthesia care 
unit; however, 43% required subsequent rescue anti- 
emetic medication for continued (or recurrent) retch- 
ing or vomiting. Of the placebo-treated patients, only 
8% experienced no subsequent emetic episodes and 
86% required a rescue antiemetic. After treatment 
with the study drug, the ondansetron group had 
significantly lower nausea scores (Figure 2). The 
verbal nausea scores 30 and 60 min after treatment 


ANESTH ANALG 
1991;73:250-4 


Table 3. Number of Episodes and Timing of 
Vomiting and Antiemetic Rescue Therapy After Study 
Drug Administration 


Saline Ondansetron 
Median time to first episode of 33 102° 
emesis after study drug (min) 
Required rescue therapy 31 15 
Required second antiemetic rescue 13 i 
Vomiting after discharge 7 2 
Antiemetic therapy after discharge 3 1 


"Significantly different from placebo group; P < 0.05. 
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Figure 2. A. Nausea visual analogue scores (0 = none to 100 = 
severe) after saline (DJ) or ondansetron (@) administration. B. 
Mean paired differences in individual patient nausea scores after 
saline (CJ) or ondansetron (@). The zero point (0) refers to the 
values at the time the study drug was administered. Mean values 
+ sem. *P < 0.05 considered statistically significant. 


with the study drug were significantly lower in the 
ondansetron-treated patients (median score of 2 and 
1, respectively) compared with those receiving the 
placebo (median scores of 5 and 4, respectively; P < 
0.01). The administration of ondansetron was not 
associated with an acute change in the sedation score 
compared with saline (Figure 3). In contrast to the 
saline-treated patients (86% of whom received a res- 
cue combination consisting of metoclopramide and 
hydroxyzine), the level of postoperative sedation was 
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Figure 3. Sedation visual analogue scores (0 = completely awake 
to 100 = extremely sleepy) after saline (KJ) or ondansetron (@) 
administration. Mean values + sem. *P < 0.05 considered statisti- 
cally significant. 


Table 4. Number of Adverse Events Reported in the 
Initial 24-h Period After Treatment With Study 
Medication 


Saline Ondansetron 
Headache 2 
Dizziness 3 2 
Flush sensation 0 1 
Diplopia 1 0 
Discomfort at IV site 4 4 
Generalized pruritus 1 0 
Urticaria 1 0 
Swelling of face 1 0 
Number of patients 9 (12) 9 (9) 


(No. of events) 


decreased at the 60-min posttreatment testing inter- 
val in the ondansetron-treated patients. Interestingly, 
42% of the control (saline-treated) patients who re- 
ceived the antiemetic rescue combination required 
further (second rescue) antiemetic therapy with dro- 
peridol (Table 3). 

No significant differences were noted between the 
two groups with respect to heart rate, arterial blood 
pressure, respiratory rate, or oxygen saturation dur- 
ing the 60-min posttreatment period after study drug 
administration. Minor side effects were reported by 
26% of the patients in the ondansetron group and 
25% of the patients in the placebo group during the 
24-h period after administration of the study medica- 
tion and rescue antiemetic therapy (Table 4). Post- 
treatment pain and anxiety analogue scores were 
similar for the two study groups. There also were no 
significant differences between the ondansetron- and 
placebo-treated groups with respect to postoperative 
complications. Similarly, the time to discharge was 
identical in the placebo- and ondansetron-treated 
groups (188 + 60 and 191 + 63 min, respectively). 
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Discussion 


The most commonly used antiemetic medications are 
antihistamines, anticholinergics, and dopamine re- 
ceptor antagonists. Unfortunately, these drugs cause 
side effects such as hypotension, sedation, restless- 
ness, dysphoria, and extrapyramidal symptoms (5,6). 
Ondansetron, a selective antagonist of 5-HT3 recep- 
tors, is allegedly devoid of activity at dopaminergic, 
histaminergic, adrenergic, and cholinergic receptors. 
The 5-HT; receptor appears to mediate physiologic 
responses both in the peripheral nervous system (7) 
and in the vomiting (emesis) center of the central 
nervous system (8). Clinical studies have demon- 
strated that 5-HT3 receptor antagonists decrease 
retching and vomiting in response to cytotoxic drugs 
(e.g., cisplatin) (9-12). 

In 1987, Cunningham et al. (10) reported on the 
successful use of ondansetron for prophylaxis and 
treatment of the nausea and vomiting associated with 
cancer chemotherapy. When used for prevention 
and/or treatment of emesis associated with cancer 
chemotherapeutic agents, ondansetron is more effec- 
tive than high-dose metoclopramide and without 
clinically significant side effects (12). The principal 
side effects attributed to ondansetron include occa- 
sional burning on injection and headache. 

In the present study, ondansetron (8 mg IV) was 
significantly more effective than placebo in the treat- 
ment of postoperative nausea and vomiting in outpa- 
tients undergoing laparoscopic surgical procedures. 
Although the antiemetic dose we studied was only 
partially effective, this action was achieved without 
producing sedation or other clinically significant side 
effects. Higher doses of ondansetron are more effec- 
tive in treating chemotherapy-induced emesis 
(11,12). In the future, dose-ranging studies will be 
necessary to determine the optimal dose of on- 
dansetron for the treatment of postoperative nausea 
and vomiting. 

Many factors can predispose outpatients to de- 
velop nausea and emesis after ambulatory surgery 
(13). In an effort to minimize the influence of the 
operation and anesthesia on our results, we used a 
female surgical population undergoing a standard- 
ized outpatient surgical procedure that would ‘place 
them at high risk of developing postoperative nausea 
and vomiting. Not surprisingly, the opioid-based 
anesthetic technique was associated with a high inci- 
dence of nausea and vomiting (14). However, neither 
study group received prophylactic antiemetic drugs, 
and the dosages of opioid analgesic (alfentanil) were 
identical in the two treatment groups. A similar 
number of women in each treatment group had a 
history of nausea and vomiting after a previous 
general anesthetic. Although there was a small but 
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statistically significant difference in the mean ages of 
the two treatment groups, further data analysis re- 
vealed no age-related effect on our study results. 

The lack of an “active” comparative drug certainly 
limits the clinical implications of this study. How- 
ever, before initiating comparative trials with a new 
drug it was necessary to determine if the maximal 
allowable dose of ondansetron (8 mg IV) possessed 
significant antiemetic activity in the postoperative 
setting. Future studies will need to compare the 
optimally effective dose of ondansetron (determined 
from a proper dose-ranging study) with other stan- 
dard antiemetic treatment regimens. 

This clinical study can be further criticized because 
the use of rescue antiemetic therapy would have an 
effect on the subsequent visual analogue scores, side 
effects, and discharge times, and would complicate 
the interpretation of follow-up data. Nevertheless, 
data for both treatment groups were analyzed in an 
identical fashion. Although not directly comparable 
because of the study design, our data would suggest 
that ondansetron was as efficacious as the rescue 
combination consisting of metoclopramide (20 mg IV) 
and hydroxyzine (25 mg IV) in the previously un- 
treated (placebo) group (Table 3). That is, 42% of the 
saline-treated group who received the rescue combi- 
nation required a second rescue medication. Further- 
more, the use of ondansetron was not associated with 
side effects that have been described with the admin- 
istration of some commonly used antiemetic drugs 
(e.g., dysphoric reactions, restlessness, sedation). 
The failure to find a difference in recovery times was 
related in part to the postoperative testing procedures 
that were required to complete the study protocol. 
The necessity of completing these tests might explain 
why we failed to find a difference in the time to 
discharge even though the ondansetron-treated pa- 
tients experienced fewer episodes of emesis 2-4 h 
after receiving the study medication. 

In conclusion, ondansetron is an antiemetic drug 
that appears to be safe for treating acute postopera- 
tive nausea and vomiting. As ondansetron (8 mg IV) 
was only partially effective in treating postoperative 
emetic sequelae, further studies are needed to deter- 
mine the optimal dose of ondansetron for both the 
treatment and prevention of emetic sequelae in the 
outpatient setting. 
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Ibuprofen Provides Longer Lasting Analgesia Than 
Fentanyl After Laparoscopic Surgery 


Martin Rosenblum, PhD, MD, Robert S. Weller, MD, Pattilyn L. Conard, CRNA, 


Ellen A. Falvey, RN, and Jeffrey B. Gross, MD 


Department of Anesthesiology, University of Connecticut School of Medicine, Farmington, Connecticut 


The authors compared the analgesic efficacy of one 
dose of oral ibuprofen with that of intravenously 
administered fentanyl for relief of pain after outpa- 
tient laparoscopic surgery. Thirty healthy female 
patients received either 800 mg of oral ibuprofen 
preoperatively or 75 wg of intravenous fentanyl intra- 
operatively plus respective intravenous or oral place- 
bos in a randomized, double-blind manner. Patients 
recorded their degree of pain and nausea in the 
recovery room, in the same-day surgery stepdown 
unit, during the ride home, and upon arrival at 
home. The postanesthesia care nurse recorded the 


tients often complain of abdominal discomfort, 

shoulder pain, and uterine cramps; these are 
commonly treated with opioid analgesics. Opioids, 
however, may increase the incidence of nausea and 
vomiting after laparoscopy, thus possibly prolonging 
recovery room stays (1). Although it is primarily an 
antiinflammatory agent, ibuprofen can provide effec- 
tive analgesia for patients with mild-to-moderate post- 
operative pain (2-7). In addition, because ibuprofen 
decreases prostaglandin concentrations in menstrual 
fluid, it is the drug of choice for treating dysmenorrhea 
(8). Such prostaglandins may contribute to postlaparos- 
copy pain; therefore, ibuprofen may be especially 
suited to provide analgesia after gynecologic surgery. 
We designed the present randomized, double-blind 
study to compare the efficacy of ibuprofen with that of 
fentanyl for relieving pain after laparoscopic surgery. 


å fter laparoscopy for gynecologic surgery, pa- 


Methods 


Thirty consenting nonpregnant, ASA physical status 
I or II female patients scheduled for outpatient lapa- 
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amount of fentanyl and droperidol needed to treat 
pain and nausea in the recovery room. Patients who 
received ibuprofen were more comfortable in the 
stepdown unit (P < 0.05) and after arrival home (P < 
0.05) than those in the fentanyl group. Additionally, 
patients who received ibuprofen had lower nausea 
scores in the step-down unit (P < 0.05); this may have 
been related to the lower total fentanyl dose in these 
patients. The authors conclude that ibuprofen may be 
a useful alternative to fentanyl for providing postop- 
erative analgesia for outpatient surgery. 

(Anesth Analg 1991;73:255-9) 


roscopic surgery for infertility (lysis of adhesions and 
excision of endometriosis with a CO, laser) partici- 
pated in this study approved by our institutional 
review board. We excluded patients with histories of 
allergy or adverse reactions to nonsteroidal antiin- 
flammatory agents, peptic ulcer disease, and coagu- 
lation disorders, as well as those whose operation 
was scheduled to last longer than 2.5 h. We assigned 
patients to receive either 75 ug of fentanyl or 800 mg 
of ibuprofen for postoperative analgesia based on a 
randomization table. Patients in the ibuprofen group 
received 800 mg of ibuprofen orally 1 h before the 
operation and 1.5 mL of a saline placebo intrave- 
nously 30 min before the anticipated end of the 
operation, whereas patients in the fentanyl group 
received an oral placebo 1 h before the operation and 
75 pg of fentanyl intravenously 30 min before the 
estimated time of completion of the operation. All 
study drugs and placebos were prepared by the 
hospital pharmacy; the patient, the anesthesia care 
team, and the investigators evaluating the patient 
were unaware of the study group assignment. 

After induction of anesthesia and paralysis with 
4 mg/kg of thiopental and 0.1 mg/kg of vecuronium, 
respectively, tracheal intubation was performed. We 
controlled ventilation and maintained anesthesia 
with isoflurane and 50% N.O in O,. The anesthesi- 
ologist, who was unaware of the study group assign- 
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Table 1. Discomfort Scores Used to Determine Need for 
Additional Fentanyl in the Postanesthesia Care Unit 


Score Condition 
0 Quiet and comfortable 
1 Sedate but uncomfortable 
2 Restless and agitated 
3 Uncontrollably agitated 


ment, adjusted the isoflurane concentration based on 
routine clinical criteria. At the end of surgery, we 
aspirated each patient’s gastric contents via an oro- 
gastric tube and reversed residual neuromuscular 
blockade with intravenous administration of 3 mg of 
neostigmine and 0.6 mg of glycopyrrolate. Patients 
breathed spontaneously until they awakened, at 
which time we removed the endotracheal tube and 
transferred them to the recovery room. 

At 5, 15, 30, 60, and 90 min after the patients 
arrived in the recovery room, one of the investigators 
used the 4-point scale shown in Table 1 to determine 
whether additional analgesia was necessary. At the 
same times, we recorded the presence and severity of 
nausea and vomiting on a scale ranging from 0 (no 
nausea} to 3 (severe nausea with recurrent vomiting). 
At 15, 30, 60, and 90 min after arrival in the postan- 
esthesia care area, patients evaluated their own pain 
on a 10-cm visual analogue pain scale. 

Patients whose discomfort score in the postanes- 
thesia care area was 2 or 3 (Table 1) received incre- 
mental doses of 25 ug of fentanyl intravenously until 
they were comfortable (discomfort score < 2). Note 
that if fentanyl was necessary during the first half- 
hour postoperatively, we asked patients to score their 
pain on the visual analogue pain scale before receiv- 
ing the first dose of fentanyl. In addition to the pain 
and nausea scores, we also recorded the duration of 
the postanesthesia recovery period and the total dose 
of fentanyl administered. We asked all patients to 
complete a postoperative questionnaire regarding 
their level of pain (10-point scale) and degree of 
nausea (4-point scale) at several times after discharge 
from the recovery room: in the same-day surgery 
stepdown unit, during the ride home, and after 
arrival at home. Patients were instructed to call us if 
pain, nausea, or vomiting were intractable. 

We analyzed pain data using two-way analysis of 
variance (9), with Tukey t-tests for individual times if 
overall significance was present. We analyzed nausea 
data using Bonferroni-corrected Wilcoxon rank-sum 
tests. For demographic data, we used one-way anal- 
ysis of variance. To determine if postoperative nausea 
was related to the total dose of fentanyl, we used 
Spearman rank correlation. Values are shown as 
mean + sE, with P < 0.05 indicating significance 
throughout the analysis. 
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_ Table 2. Comparison of the Ibuprofen and 


Fentanyl Groups 


Ibuprofen Fentanyl 
(n = 15) (n = 15) 
Age (yr) 2912 30 + 1.0 
Height (cm) 165 + 1.5 165 + 2.3 
Weight (kg) 60.9 + 2.6 59.1 + 2.5 
Duration of operation (min) 85 + 7.1 99.4 + 9.8 
Time in the PACU (min) 99 + 4.0 104 + 4.0 
Number of patients requiring 10 9 
fentanyl in the PACU 
Fentanyl dose in the PACU (yg) 36.7 + 9.1 26.7 + 6.7 
Total fentanyl dose (ug) 36.7 + 9.17 101.7 + 6.7 
Number of patients requiring 7 5 
droperidol in the PACU 
Postoperative droperidol (mg) 0.29 + 0.08 0.21 + 0.08 


PACU, postanesthesia care unit. 
Values are mean + SE. 
“P < 0.05 vs fentanyl. 


Results 


Age, height, weight, duration of surgery, time in the 
recovery room, and postoperative droperidol dose 
did not differ significantly between patients in the 
ibuprofen and fentanyl groups (Table 2). The inves- 
tigator’s assessment of discomfort in the recovery 
room did not differ between groups; this was con- 
firmed by the fact that patients in each group received 
similar doses of fentanyl in the recovery room. How- 
ever, as might be expected, patients in the fentanyl 
group received a larger total (intraoperative plus post- 
operative) dose of fentanyl than those in the ibu- 
profen group. Neither epigastric pain nor heartburn 
developed in any of the patients as a result of the 
ibuprofen therapy. 

Analysis of variance revealed that patients who 
received ibuprofen had significantly less pain in the 
postoperative period than those in the fentanyl group 
(Figure 1, P < 0.001). Post hoc testing revealed that 
this overall difference could be attributed to differ- 
ences observed in the stepdown unit and after pa- 
tients arrived at home. Patients who received ibu- 
profen also reported significantly less nausea in the 
same-day surgery unit than those in the fentanyl 
group (Figure 2, P < 0.05). There was a significant 
correlation between severity of nausea in the same- 
day surgery unit and the total fentanyl dose (Figure 3, 
r = 0.59, P < 0.01). 


Discussion 


With the proliferation of same-day surgery, anesthe- 
siologists must reevaluate strategies for postoperative 
pain management. In the outpatient setting, it is 
especially important to avoid side effects such as 
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Figure 1. Pain as evaluated bv patients (10-cm visual analogue 
scale) after laparoscopic surgerv. Assessments were made 15, 30, 
60, and 90 min after arrival in the recovery room (RR), as well as in 
the same-day surgery stepdown unit (SDS}, during the ride home 
(RIDE), and after arrival home (HOME). *P < 0.05 vs ibuprofen 


group. 


WM FENTANYL [_] IBUPROFEN 


|. 





ht 


NAUSEA (0-3 SCALE) 





RR(15) RR(30) RA(60! RR(90) SOS RIDE HOME 
TIME 


Figure 2. Assessment of nausea (0-3 scale, see text) after laparo- 
scopic surgery. Assessments were made 15, 30, 60, and 90 min 
after arrival in the recovery room (RR), as well as in the same-day 
surgery stepdown unit (SDS), during the ride home (RIDE), and 
after arrival home (HOME). *P < 0.05 vs ibuprofen group. 


excessive sedation, nausea, and vomiting, while pro- 
viding effective analgesia. In fact, Gold et al. (10) 
found that pain, vomiting, and postoperative somno- 
lence are the most common reasons for unanticipated 
hospital admission after same-day surgery. 

In the present study, 800 mg of oral ibuprofen 
provided longer lasting analgesia than did 75 pg of 
intravenous fentanyl after laparoscopic surgery. The 
validity of this conclusion is based on the premise 
that the patients received equal analgesic doses of the 
two therapies (i.e., ibuprofen and fentanyl). Unfor- 
tunately, there are no studies directly comparing the 
analgesic potency of ibuprofen with that of parenter- 
ally administered narcotics. However, the maximum 
analgesic effect that can be obtained from nonsteroi- 
dal antiinflammatory drugs appears to be equivalent 
to that of 8-10 mg of morphine administered intra- 
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NAUSEA SCORE 





8 58 100 156 206 
TOTAL FENTANYL (pg) 
Figure 3. Severity of nausea (0-3 scale, see text) in the same-day 
surgery stepdown unit versus total perioperative fentanyl dose 
(4g). The least-squares regression line (y = 0.59, P < 0.01) and its 
95% confidence limits are shown. 


muscularly (11-13). An 800-mg oral dose provides the 
maximum analgesia obtainable with ibuprofen (14); 
this dose should be approximately equianalgesic to 
75 ug of fentanyl assuming a 100:1 potency ratio of 
fentanyl to morphine (15). Furthermore, our finding 
that the patients required equal fentanyl doses in the 
postanesthesia care unit suggests that 75 wg of fen- 
tanyl and 800 mg of ibuprofen were approximately 
equianalgesic under the ccnditions of this study. 

Nonsteroidal antiinflammatory drugs act peripher- 
ally as well as centrally. Peripherally, their mecha- 
nism of action is to inhibit the cyclooxygenase en- 
zyme system that metabolizes arachidonic acid to its 
endoperoxide intermediates (14). This results in de- 
creased production of thromboxanes, prostacyclins, 
and prostaglandins. Thus, fewer intermediates and 
end products of the arachidonic acid cascade are 
available to interact with local mediators of inflam- 
mation such as bradykinin, histamine, and 5-hy- 
droxytryptamine to promote erythema, edema, and 
pain, or to promote uterine contractions. Nonsteroi- 
dal antiinflammatory drugs may also act centrally to 
decrease pain by inhibiting cyclooxygenase within 
the central nervous system (14). 

Ibuprofen may be particularly effective in treating 
perioperative pain after gynecologic procedures be- 
cause of its peripheral effect on prostaglandin synthe- 
sis. By decreasing elevated prostaglandin levels, ibu- 
profen effectively relieves uterine pain associated 
with both primary dysmenorrhea (8,16-18) and sec- 
ondary dysmenorrhea induced by intrauterine de- 
vices (8,18). A similar mechanism may help to relieve 
the pain that follows surgical manipulation of the 
uterus. 

Our results confirm previous reports suggesting 
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that ibuprofen compares favorably with moderate 
doses of opioids for postoperative analgesia. For 
example, after dental surgery, 400 mg of ibuprofen is 
more effective than 30 mg of codeine (2), 30 mg of 
dihydrocodeine (3), 65 mg of propoxyphene (4), 
aspirin-codeine (650 mg/60 mg) (5), acetaminophen- 
codeine (600 mg/60 mg) (5), and aspirin-codeine- 
caffeine (375 mg/30 mg/30 mg) (6). After herniorrha- 
phy, the analgesic efficacy of 400 mg of oral ibuprofen 
is intermediate between that of aspirin-codeine- 
caffeine (375 mg/30 mg/30 mg) and that of aspirin- 
codeine-caffeine (750 mg/16 mg/60 mg) (7). 

Our observation that the difference in pain control 
between ibuprofen and fentanyl first became appar- 
ent in the same-day surgery unit may be related to 
differences in the pharmacokinetics of the two anal- 
gesics. Although fentanyl has a long terminal elimi- 
nation half-life (2.5-7 h), its duration of action after a 
small (<7 ug/kg) dose is primarily determined by 
redistribution (analogous to other lipid-soluble drugs 
such as thiopental) (19). After a single 1-ug/kg intra- 
venous dose, such as patients received in the present 
study, plasma fentanyl levels can be expected to 
exceed the analgesic threshold for no longer than 2 h 
(20-22). In contrast, although the plasma elimination 
half-life of ibuprofen is 2 h (23), it is not fully 
absorbed from the gastrointestinal tract until 3 h after 
an 800-mg oral dose (23,24). Because of the complex 
interaction between absorption and elimination ki- 
netics, the therapeutic effects of a single dose of 
ibuprofen may last more than 4 h (3-6,14). Because 
the mean duration of surgery in the present study 
was approximately 1.5 h, one would expect that by 
the time patients arrived in the same-day surgery 
unit, the analgesic effect of fentanyl was probably 
waning much more rapidly than that of ibuprofen. 

Patients in the fentanyl group had a significantly 
more severe nausea and vomiting in the same-day 
surgery unit than those who received ibuprofen. In 
fact, the significant correlation between total fentanyl 
dose and nausea scores in the same-day surgery unit 
suggests that fentanyl was a causative factor. Opioids 
are well known to produce nausea and vomiting by 
direct stimulation of the chemoreceptor trigger zone 
(25). Nausea and vomiting are relatively uncommon 
in recumbent patients given opioids but increase 
significantly when patients move, suggesting that 
vestibular stimulation may potentiate the emetic ef- 
fect (25). This is consistent with our observation that 
nausea was most severe when patients were trans- 
ferred to the same-day surgery unit, where they first 
got out of bed. 

Chronic ibuprofen therapy may cause gastrointes- 
tinal side effects (epigastric pain, nausea, heartburn, 
abdominal discomfort, and sensations of abdominal 
“fullness’’) in 5%-15% of patients (26). However, a 
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single perioperative dose of ibuprofen is almost al- 
ways well tolerated (2-4,6). In the present study, we 
excluded patients who had prior histories of intoler- 
ance to nonsteroidal antiinflammatory drugs; there- 
fore, our findings regarding postoperative nausea 
and vomiting do not apply to patients with such 
histories. 7 

Of course, the present study compared fixed doses 
of ibuprofen and fentanyl. It is conceivable that had 
we chosen different doses of ibuprofen and/or fenta- 
nyl, or constructed dose-response curves for the two 
drugs, our results might have been different. 

In summary, we observed that 800 mg of oral 
ibuprofen, given preoperatively to patients undergo- 
ing laparoscopic surgery of less than 2.5-h duration, 
provided longer lasting analgesia than 75 ug of intra- 
venous fentanyl given intraoperatively. Furthermore, 
probably by decreasing the total perioperative dose of 
fentanyl, ibuprofen reduced postoperative nausea in 
the same-day surgery unit, where patients first am- 
bulated and took oral fluids. 
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Psychomotor Performance After Desflurane Anesthesia: 


A Comparison With Isoflurane 
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Recovery and psychomotor performance were stud- 
ied in 80 ASA physical status LIH adult patients 
undergoing outpatient surgery. Patients were di- 
vided into four equal groups: thiopental induction of 
anesthesia followed by desflurane in nitrous oxide 
and oxygen (Th-DES-N,O/O,), thiopental induction 
of anesthesia followed by isoflurane in nitrous oxide 
and oxygen (Th-ISO-N,O/O,), thiopental induction 
of anesthesia followed by desflurane in oxygen (Th- 
DES-O,), and desflurane inhaled induction followed 
by desflurane in oxygen (DES-DES-O.,). Patients were 
excluded from analysis if they required opioids or 
antiemetics postoperatively. The use of desflurane 
was associated with more rapid awakening compared 
with isoflurane (time to eye opening 9.45 + 0.67 min 
[Th-DES-N,O/O,] and 13.8 + 1.59 min [Th-ISO-N,O/ 
Oo], P < 0.05). Psychomotor performance was mea- 
sured using the choice reaction time and critical 


nimal studies have shown that desflurane 
A results in more rapid recovery of motor coor- 
dination than does isoflurane or halothane (as 
measured by the rotarod test in rats) (1). The recovery 
times observed correlated with the blood/gas parti- 
tion coefficients of the anesthetics used. Measure- 
ments of the inspired to end-tidal ratio of these 
anesthetics have also shown a more rapid equilibra- 
tion with the less-soluble anesthetics, desflurane 
equilibrating most rapidly (2). Human studies have 
previously shown that in comparison with isoflurane, 
desflurane is associated with more rapid awakening 
at the end of surgery (3). 

The purpose of this study was to investigate, in 
patients, whether initial awakening and recovery of 
psychomotor performance occurred more rapidly af- 
ter desflurane or isoflurane anesthesia. We further 
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flicker fusion threshold. At 30 min after discontinuing 
anesthesia, five patients in the Th-ISO-N,O/O, group 
and one patient in the Th-DES-N,O/O, group were 
too sleepy to perform psychomotor tests. In addition, 
five patients who received Th-DES-O, and one pa- 
tient who received the inhaled induction and main- 
tenance of anesthesia with desflurane in oxygen were 
too sleepy to perform tests at 30 min. Patients receiv- 
ing Th-DES-N,O/O, showed less impairment of 
choice reaction time than those receiving Th-ISO- 
N,O/O,. Critical flicker fusion threshold, however, 
showed no difference between groups. The use of 
thiopental was associated with delayed recovery. 
Compared with isoflurane, desflurane anesthesia is 
associated with more rapid initial awakening and less 
impairment of choice reaction time. 

(Anesth Analg 1991;73:260-5) 


sought to determine the effects of thiopental and N,O 
on performance after desflurane. 


Methods 


After obtaining approval from the human investiga- 
tion committee, 80 consenting ASA physical status 
I-III patients (age, 40.7 + 1.34 yr; weight, 77.0 + 
1.58 kg) scheduled for elective outpatient surgery 
were studied. Although patients classified as ASA 
physical status II could be included, those with 
clinically significant cardiovascular or pulmonary dis- 
ease were excluded as these conditions might have 
affected anesthetic uptake and distribution. 

Patients were randomly allocated to one of four 
equal groups: group 1, thiopental induction of anes- 
thesia followed by desflurane in nitrous oxide and 
oxygen (Th-DES-N,O/O,); group 2, thiopental induc- 
tion of anesthesia followed by isoflurane in nitrous 
oxide and oxygen (Th-ISO-N,O/O,); group 3, thio- 
pental induction of anesthesia followed by desflurane 
in oxygen (Th-DES-O,); group 4, desflurane inhaled 
induction followed by desflurane in oxygen. 


©1991 by the International Anesthesia Research Society 
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Before induction of anesthesia, patients were 
moved to a screened area of the recovery room. Here 
the psychomotor test unit (critical flicker fusion 
threshold [CFFT] [4-6] and choice reaction time [CRT] 
[6,7]) was carefully explained to the patients, and 
time was allowed so the patients could practice and 
demonstrate to an observer that they understood 
their task. A baseline test of psychomotor perfor- 
mance was then made. The same recovery area was 
used for subsequent postoperative testing. 

The choice reaction time was measured using a 
semicircular row of six light-emitting diodes (LEDs) 
mounted in a rectangular panel. Each LED had a 
button adjacent to it used to extinguish the light. At 
the base of the panel a centrally placed “ready” 
button was used to inform the computer that the 
patient was watching for a LED to light. Choice 
reaction time was measured as the time between the 
LED illuminating and the patient pressing the button 
next to the LED. Each of the six LEDs lit randomly 10 
times in each test. The CFFT was performed by the 
patient watching four flickering LEDs recessed into a 
small shaded box. The patients held a button in 
readiness to indicate when they perceived that the 
flickering had ceased (i.e., the LEDs appeared to be 
on continuously). The LEDs began flickering at a 
frequency of 10 Hz, and the rate of flicker increased 
by 1 Hz every 2 s to a potential maximum flicker rate 
of 50 Hz. The CFFT was taken as the mean of six 
results on each occasion. All aspects of recovery room 
assessment were conducted by an observer unaware 
of the anesthetic technique used. 

After baseline testing, a fast running intravenous 
infusion of crystalloid solution was commenced, and 
patients were transferred to the operating room. 
Routine monitors were attached (Dinamap blood 
pressure monitor, oximeter, electrocardiogram). 
While the patients were breathing oxygen, 3 mg/70 kg 
of crystalloid solution was administered. In groups 
1-3, induction of anesthesia was with thiopental up 
to 5 mg/kg. In group 4, induction of anesthesia was 
commenced with administration of 3% desflurane in 
oxygen via face mask. The concentration was then 
increased slowly until loss of the lash reflex was 
noted (approximately 4.7% end-tidal) to ensure pa- 
tient acceptability. After the lash reflex was lost, the 
concentration was increased more rapidly. All pa- 
tients received succinylcholine to facilitate endotra- 
cheal intubation. Ventilation was controlled to main- 
tain an end-tidal Pco, of 30-35 mm Hg. Gas analysis 
during anesthesia was accomplished using the PB-254 
(Puritan-Bennett) multigas analyzer, which had been 
modified to include the measurement of desflurane. 
The gas analyzer was calibrated against a commercial 
reference source on each occasion after a 30-min 
“warm-up” period. The end-tidal anesthetic concen- 
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tration was adjusted, depending on the age of the 
patient, to between 6.0% and 7.25% desflurane or 
1.1% and 1.3% isoflurane (in patients receiving 60% 
nitrous oxide, groups 1 and 2), or between 8.0% and 
9.7% desflurane (in patients not receiving nitrous 
oxide, groups 3 and 4). Patients aged 18-30 yr re- 
ceived the higher concentration, and patients more 
than 30 yr old received the lower concentration. The 
anesthetic concentration was maintained constant 
until the end of surgery when all anesthetics were 
abruptly discontinued and 6 L/min of fresh oxygen 
was delivered into the circuit. 

The time of discontinuation of anesthetic agents 
was noted as time zero for all subsequent measure- 
ments. The time taken for patients to open their eyes 
was noted and then every 15 s patients were asked to 
obey a command (squeeze fingers) and give their 
name, date of birth, and orientation as to place. After 
this initial wake-up assessment, patients were re- 
turned to the recovery area. Psychomotor testing was 
performed at 30, 60, 90, and 120 min after discontinu- 
ing the anesthetic agents. At these times, the ob- 
server also rated the patient on a four-point scale for 
sedation, obtained a visual analogue pain score from 
the patient, and inquired about any nausea or vom- 
iting. Postoperative pain was managed by the use of 
nerve blocks and local infiltration of local anesthetics 
where possible, supplemented by oral ibuprofen. 
Further analgesia (fentanyl: 12.5-25 ug intravenous 
increments) was given if required. Patients were 
invited to return the following day to perform a 
repeat measurement of their psychomotor tests (41 
patients returned). 

Patients unable to perform the psychomotor tests 
because of excessive sedation were assigned a perfor- 
mance value similar to the worst value obtained by a 
patient who was able to carry out the particular test. 
For the CRT, the worst mean result produced by a 
patient was 1.479 s; and patients unable to perform 
the test were therefore assigned a score of 1.5 s. For 
the CFFT, the worst mean result produced by a 
patient was 17.8 Hz; and patients unable to perform 
the test were assigned a score of 17 Hz, This pre- 
vented the total elimination of this very important 
subgroup of patients from the data analysis but may 
have underestimated their degree of impairment. 

Data are mean + sz. As there were statistically 
significant differences between groups for CFFT at 
baseline, all statistical analyses of the psychomotor 
data were with repeated measures analysis of vari- 
ance over the 30-120-min postoperative period using 
the baseline as covariate. Bonferroni t-tests were used 
for between-group comparison of the change from 
baseline. Other data were analyzed with t-test, 
x’-test, or Mann-Whitney test as appropriate. Statis- 
tical significance was taken as P < 0.05. 
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Table 1. Population Characteristics 


1 
Th-DES-N,O/O, 


Age (yr) 39.4 + 2.7 
Weight (kg) 78.1 + 3.9 
Height (cm) 174 + 3.2 
Dose of thiopental (mg) 369 + 24 
Duration of anesthesia (min) 50.4 + 4.1 
End-tidal anesthetic concentration 6.1 + 0.34 


at discontinuation (%) 


Th, thiopental; DES, desflurane. 
Data are mean + SE. 
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Figure 1. Early recovery times. Data are mean + sE. Vertical axis 
shows time in minutes to open eyes (eyes), obey command 
“squeeze my hand” (squeeze), give name (name), give date of birth 
(aob), and answer question “where are you?” (place). *P < 0.05 
compared with group 2 (thiopental-isoflurane-N,O/O,). tP < 0.05 
compared with group 4 (desflurane inhaled induction of 
anesthesia-desflurane-O,). (Student's t-test). 


Results 


There were no differences between groups for mean 
age, weight, height, thiopental induction of anesthe- 
sia dose, or duration of anesthesia (Table 1). 
Analysis of the early wake-up times (Figure 1) 
showed that desflurane was associated with more 
rapid eye opening, response to command, and giving 
name and place than isoflurane (Th-DES-N,O/O, vs 
Th-ISO-N,O/O,). A further comparison within the 
three desflurane groups showed that the addition of 
thiopental resulted in delay in patients giving their 
name, date of birth, and place (Th-DES-O, vs DES 
inhaled induction of anesthesia-DES-O,) but that the 
inclusion of nitrous oxide did not affect the speed of 
wakening (Th-DES-N,O/O, vs Th-DES-Q,). 
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Group 
2 3 4 
Th-ISO-N20/0, Th-DES-O, DES-DES-O, 
40.2 + 2.72 41.7 + 3.0 41.7 + 2.4 
80.3 + 2.8 763 22:7 73S EZ 
169 + 6.0 169 + 2.1 170 + 11 
342 + 15 330 + 14 — 
45.8 + 5.1 50.3 + 6.3 53.6 = 6.2 
1.1 + 0.04 8.9 + 0.35 8.3 + 0.41 


Several patients were so sleepy at 30 min that they 
were unable to cooperate with testing. Of the 12 such 
patients, five were in group 2 (Th-ISO-N,O/O,), five 
in group 3 (Th-DES-O,) and one was in each of 
groups 1 and 4 (Th-DES-N,O/O, and DES inhaled 
induction of anesthesia-DES-O,, respectively). These 
differences did not achieve statistical significance 
(y7-test, P < 0.099). 

Psychomotor recovery and sedation data are pre- 
sented for patients who did not receive fentanyl in 
the postoperative period, as it was found that admin- 
istering fentanyl resulted in an increase in sedation 
and impairment of performance that confounded the 
data. Worsened sedation score was associated with 
fentanyl administration maximally at 60 min (x*-test, 
P < 0.005). Fifty-five of 80 patients were therefore 
used for analysis. The distribution of these patients 
and the surgery they underwent are shown in Table 


Analysis of the sedation scores (Table 3) showed 
that there were differences between groups at 30 and 
60 min. In particular, the effect of a thiopental induc- 
tion of anesthesia was observed at 60 min (Th- 
DES-O, vs DES inhaled induction of anesthesia-DES- 
O,). Differences also existed between the patients in 
group 2 (Th-ISO-N,O/O,) and group 4 (DES inhaled 
induction of anesthesia-DES-O,) at 30 and 60 min and 
group 2 and group 3 (Th-DES-O,) at 30 min. 

Choice reaction time (Figure 2) showed differences 
between groups (F = 3.10, P < 0.04) and with time 
(F = 32.2, P < 0.01). Between-group comparisons of 
CRT showed that differences existed at 30 min be- 
tween desflurane and isoflurane (group 1 [Th-DES- 
N,O/O,] vs group 2 [Th-ISO-N,O/O,]). In addition, a 
difference existed between the patients receiving a 
thiopental induction and those receiving the inhaled 
induction of anesthesia (group 3 [Th-DES-Q,] vs 
group 4). A further difference also existed between 
patients in the isoflurane group and those receiving 
the inhaled induction of anesthesia at both 30 and 
60 min (groups 2 and 4). 
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Table 2. Type of Surgery in Patients Not Receiving Postoperative Fentanyl (i.e., those included in 


psychomotor analysis) 


1 
Operation Th-DES-N,O/O, 
Arthroscopy 0 
Hernia repair 3 
Laparoscopy 0 
Breast biopsy 1 
Other biopsy 1 
Scar revision 3 
Circumcision 0 
Septoplasty 0 
D&C 1 
Cystoscopy 1 
Hemorrhoidectomy 0 
Total 10 


D&C, dilatation and curettage; Th, thiopental; DES, desflurane. 


Table 3. Sedation Scores of Patients Not Receiving Fentanyl at Each Time Point Postoperatively 


Group 30 
Thiopental-desflurane-N,O/O, 3.3 + 0.21 
Thiopental-isoflurane-N,O0/O, 262027 
Thiopental-desflurane-O, 3.4 + 0.21 
Desflurane inhaled 3.7 + 0.13 


induction-desflurane-O, 


Group 
2 a 4 
Th-ISO-N,O/O, Th-DES-O, DES-DES-O, 
2 2 1 
2 3 3 
1 1 1 
0 2 2 
0 D 1 
1 0 1 
0 1 1 
2 D 1 
1 3 4 
4 3 1 
1 0 0 
14 15 16 
Time (min) 
60 90 120 
3.7 + 0.15 3.7 £0.15 4.0 + 0.00 
3.4 + 0.22° 3.6 + 0.17 3.8 + 0.16 
3.5 + 0.17" 3.9 + 0.09 3.9 + 0.09 
3.9 + 0.07 3.9 + 0.07 3.9 + 0.07 


4 = awake, 3 = asleep but easily aroused, 2 = asleep and difficult to arouse, 1 = asleep and not arousable. 


Data are mean £ SE. 
“P < 0.05 compared with desflurane inhaled induction-desflurane-O3. 


bP < 0.05 compared with thiopental induction-desflurane-O,. (Mann-Whitney test.) 


In contrast to CRT, CFFT (Figure 3) showed no 
differences between groups (F = 2.18, P < 0.11), 
although an effect of time was present (F = 26.7, 
P < 0.01). 

At 24 h, comparison of the 41 patients able to 
return for psychomotor testing showed a general, 
although nonsignificant, improvement over baseline. 

There was no difference at any time point between 
the visual analogue pain scores of the different 
groups, irrespective of whether fentanyl was needed 
or not. The visual analogue pain scores tended to 
decrease with time. 

Vomiting occurred in 5% of patients in the 2 h after 
surgery. A further 14% of patients experienced nau- 
sea in the same time period with no difference be- 
tween groups. Although there was a threefold in- 
crease in the tendency to be nauseated or vomit in the 
patients who received postoperative fentanyl, this 
did not achieve statistical significance (y*-test, P < 
0.09). 


Discussion 


Early recovery from the effects of anesthesia are 
particularly important in ambulatory patients where 
an early recovery to “street fitness” is desirable. In a 
review of methods of assessing early recovery from 
anesthesia, Hindmarch and Bhatti (8) concluded that 
both the CRT and CFFT were the most effective, and 
carefully studied, methods of distinguishing differ- 
ences of recovery in the early postoperative period. 
These techniques have previously been successful in 
showing differences between propofol and thiopental 
anesthesia (7,9). We therefore elected to include these 
methods of assessment in our study. 

Allocation of a psychomotor test value to the 
patients who were too sleepy to cooperate with 
testing at 30 min may underestimate their degree of 
impairment, as the value used was similar to the 
worst value obtained from a patient who was able to 
perform the tests. If this is the case, our arbitrary 
allocation will tend to eliminate differences between 
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Figure 2. Choice reaction time. Data are mean + sE. Change from 
baseline of reaction time in the 2 h, and at 24 h, after discontinuing 
the anesthetics in four anesthetic techniques. Vertical axis shows 
change from baseline (s). Horizontal axis shows the four treatment 
groups at each time point. *P < 0.05 compared with group 2 
(thiopental-isoflurane-N,O/O,). tP < 0.05 compared with group 4 
(desflurane inhaled induction of anesthesia-desflurane-O,). (Bon- 
ferroni {-test.) 
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Figure 3. Critical flicker fusion threshold. Data are mean + SE. 
Change from baseline of critical flicker fusion threshold in the 2 h, 
and at 24 h, after discontinuing the anesthetic agents in four 
anesthetic techniques. Vertical axis shows change from baseline 
(Hz). Horizontal axis shows the four treatment groups at each time 
point. 


groups, particularly in the most affected groups 
(group 2 [Th-ISO-N,O/O,] and group 3 [Th-DES-O,)). 

Based on the awakening times, the substitution of 
desflurane for isoflurane results in a more rapid initial 
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recovery. This finding confirms our previous compar- 
ison of recovery times with these two anesthetics. 
The difference observed in the CRT at 30 min further 
supports the suggestion that desflurane results in a 
more rapid recovery than does isoflurane. We were 
surprised to find that there were no differences in the 
CFFT. The reason for this is not clear. We chose to 
use the CFFT measured using ascending frequency 
only. This direction has previously been shown to be 
the most sensitive in detecting sedation in patients 
under rising nitrous oxide concentrations (6). How- 
ever, measurement of only ascending frequency of 
flicker may have the disadvantage of allowing sleepy 
patients to delay recording that they have perceived 
fusion of the flickering light, when compared with 
more alert patients. This would tend to cancel the 
effect of perceiving fusion at a lower frequency and 
may be an explanation of the unexpected lack of 
differentiation of groups that we observed with this 
test. Critical flicker fusion threshold is a measure of 
ability to distinguish discrete sensory information 
and is an index of cortical activity (5,10). Critical 
flicker fusion threshold is the most sensitive test for 
diazepam sedation and to follow changes in atten- 
tion, vigilance, decision making, learning, and mem- 
ory (4). Thus, perhaps there is a genuine differential 
effect of the two anesthetic agents on different proc- 
essing abilities in the brain. Previous studies using 
both these tests have shown similar results (7,9) 
when applied to recovery from general anesthesia, 
but have shown divergence between the two tasks 
during nitrous oxide sedation (6). 

Our study shows little differences in performance 
between group 1 (Th-DES-N,O/O,) and group 3 (Th- 
DES-O,). However, it should be noted that the MAC 
equivalents between these two groups were not 
equal. Group 1 received both 1 MAC desflurane and 
nitrous oxide. Assuming the MAC of nitrous oxide to 
be 1.05 ATM, this gives us an additive MAC of 1.57. 
The desflurane/oxygen group received only 1.33 MAC. 
Because at the time of initiating this study the cardio- 
vascular effects of desflurane in higher doses were not 
well defined, we believed it inappropriate to use des- 
flurane concentrations of greater than 1.33 MAC in this 
study. 

We eliminated psychomotor performance data 
from all patients receiving fentanyl] in the postopera- 
tive period. Small doses of fentanyl will produce a 
rapid and marked decrease in psychomotor perfor- 
mance for periods of up to 30 min. As we believed 
that fentanyl administration was related more to pain 
from the site of surgery and individual patient vari- 
ability than to anesthetic conditions, we believed it 
appropriate to eliminate these patients. Thus, the 
psychomotor performance data reported in this study 
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are related entirely to the different anesthetic condi- 
tions and no opioids were used at all. 

The effect of thiopental is clearly seen by compar- 
ing groups 3 (Th-DES-O,) and 4 (DES inhaled induc- 
tion of anesthesia-DES-O,). Patients induced with 
thiopental took longer to state their name, date of 
birth, and place and showed more impairment of 
CRT at 30 min than those who received an inhaled 
induction of anesthesia. Previous studies of the effect 
on recovery of drugs intravenously administered to 
induce anesthesia have shown that thiopental is 
associated with the most marked and prolonged 
impairment when compared with methohexital (7) or 
propofol (7,11,12). In the report by Grant and Mack- 
enzie (7), thiopental was associated with impaired 
performance compared with a group of control pa- 
tients (of CFFT and total reaction time) for 90 min. 

A clinically and economically important end point 
for a study of outpatient anesthesia is the time to 
discharge. This study design precluded any such 
assessment. Our patients were held in the postanes- 
thesia care unit for 2 h after surgery to perform these 
psychomotor tests. 

The findings of this study may not be equivalent to 
data obtained in normal clinical practice. Normal 
clinical practice will involve the gradual reduction of 
the volatile anesthetic concentration toward the end 
of the case. This will obviously result in a decreased 
recovery time. The mean time to open eyes in our 
group 2 patients (Th-ISQ-N,O/O.) was 14 min. By 
reducing the isoflurane concentration toward the end 
of the case, it will obviously be possible to obtain 
faster recovery. It will not be possible to reduce 
desflurane concentrations in quite the same way as 
with isoflurane because of the probability of the 
patient becoming light toward the end of the anes- 
thetic. 

In conclusion, we have shown that when compar- 
ing desflurane with isoflurane, the use of desflurane 
is associated with a more rapid speed of initial wak- 
ing and, subsequently, less impairment of CRT. Crit- 
ical flicker fusion threshold, however, failed to dis- 
tinguish between the two anesthetics. This study also 
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demonstrated that the use of thiopental delays recov- 
ery from desflurane anesthesia. 


We wish to acknowledge Dr. Den Denson for his assistance with 


the statistical analysis and Kathleen Mainland for her secretarial 
skills. 
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We compared the differences in oxygen saturation 
and airway-related complications after tracheal extu- 
bation in pediatric patients undergoing elective stra- 
bismus surgery or adenoidectomy: and/or tonsillec- 
tamy who were awake versus anesthetized. Seventy 
ozherwise healthy patients between 2 and 8 yr of age 
were studied. Anesthesia was induced with halo- 
thane or thiamylal and maintained with nitrous oxide 
and halothane. After induction of anesthesia, the 
patients were randomly assigned to group 1 (awake 
extubation) or group 2 (anesthetized extubation). 
Cxygen saturation was measured continuously and 
recorded 10 min before extubation and at 1, 2, 3, 5, 7, 
10, 15, 20, 25, and 30 min after tracheal extubation. 
Supplemental oxygen was administered when oxy- 


tients are deeply anesthetized or when they are 
awake. Awake extubation entails removing the 
endotracheal tube when the patient is awake and 
breathing adequately. Wakefulness is determined by 
a return of laryngeal and pharyngeal reflexes, eye 
opening, grimacing, coughing, and purposeful 
movements. Tracheal extubation during deep anes- 
thesia is defined as removing the endotracheal tube 
during the surgical stage of general anesthesia while 
the patient is breathing spontaneously but the airway 
reflexes are still depressed. 
Fach technique has its own advantages and disad- 
vantages. Coughing and straining associated with 


! Iracheal extubation can be performed while pa- 
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gen saturation values were less than 90% while 
breathing room air. Oxygen saturation levels were 
higher in group 2 than in group 1 at 1, 2, 3, and 5 min 
after extubation. There were no differences between 
the two groups in the number of patients requiring 
supplemental oxygen. The incidence of airway- 
related complications such as laryngospasm, croup, 
sore throat, excessive coughing, and arrhythmias was 
not different between the two groups. We conclude 
that the anesthesiologist’s preference or surgical re- 
quirements may dictate the choice of extubation tech- 
nique in otherwise healthy children undergoing elec- 
tive surgery. 

(Anesth Analg 1991;73:266-70) 


awake extubation may lead to an increased incidence 
of sore throat and croup (1). Valsalva maneuver and 
breath-holding associated with coughing and buck- 
ing may cause a decrease in oxygen saturation (Spo,) 
(2). One advantage of tracheal extubation during 
deep anesthesia is that patients are less likely to strain 
and cough during extubation. 

This study compares the differences in Spo, and 
the incidence of airway-related complications such as 
laryngospasm, excessive coughing, sore throat, 
croup, and arrhythmias after awake and anesthetized 
extubation of the trachea in children undergoing 
strabismus surgery or tonsillectomy and/or ade- 
noidectomy. 


Methods 


The study was approved by the institutional review 
committee, and written informed consent was ob- 
tained from parents. Seventy healthy (ASA physical 
status I or II) children between 2 and 8 yr of age were 
studied. Patients with a history of upper respiratory 
infection or asthma were not included. Premedication 
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was not given. All patients were required to fast 
appropriately according to our institutional guide- 
lines. Anesthesia was induced by nitrous oxide, oxy- 
gen, and halothane administered through a mask or 
by 5-6 mg/kg of intravenous thiamylal. The technique 
of anesthesia induction was selected in collaboration 
with the patient and parents. 

After induction of anesthesia, 0.01-0.02 mg/kg of 
atropine sulfate was administered intravenously. Tra- 
cheal intubation was performed with or without the 
use of succinylcholine. An air leak around the tra- 
cheal tube at a maximum pressure of 20 cm H,O was 
confirmed by auscultation near the suprasternal area. 
If no leak was detected, the tube was replaced by a 
tracheal tube with an internal diameter 0.5 mm 
smaller than that of the previous tube, and the 
smaller tube was checked for the presence of an air 
leak. No other muscle relaxants were used intraoper- 
atively. The patients were monitored with precordial 
stethoscope, electrocardicgram, blood pressure cuff 
(Dinamap, Critikon, Inc., Tampa, Fla.), temperature 
probe, pulse oximeter, and mass spectrometer 
(SARA, Allied Healthcare Products, Inc., St. Louis, 
Mo.). Anesthesia was maintained with nitrous oxide, 
oxygen, and halothane with assisted respirations. 
After induction of anesthesia, patients were ran- 
domly assigned to one of the two groups by opening 
a sequentially numbered sealed envelope. Patients 
assigned to group 1 underwent awake extubation, 
and those in group 2 underwent extubation during 
deep anesthesia. 

After completion of the operation, group 1 patients 
received 100% oxygen for at least 5 min. Their tra- 
cheal tubes were removed when they demonstrated 
facial grimace, had adequate tidal volume and respi- 
ratory rate, coughed with open mouths or opened 
their eyes, and when the end-tidal halothane level 
was less than 0.15%. In group 2 patients, the tracheas 
were extubated during the surgical stage of general 
anesthesia when the end-tidal halothane level was 
greater than 0.8%. After extubation, 100% oxygen 
was administered through face mask for 5 min. 

Patients were transported in the lateral position to 
the postanesthesia care unit (PACU) after assuring 
that they were able to maintain adequate air ex- 
change. Oxygen saturation was measured continu- 
ously by a Nellcor pulse oximeter (Nellcor, Inc., 
Hayward, Calif.) in both groups while patients were 
breathing room air. The measurements continued 
until the patients were discharged from the PACU. 
Oxygen saturation was recorded when the patients 
were calm, and when their pulse oximeters showed 
consistent detection. Lowest measured Spo, values 
were recorded 10 min before tracheal extubation and 
at 1, 2,3, 5, 7, 10, 15, 20, 25, and 30 min after tracheal 
extubation. Arterial desaturation (defined as Spo, of 
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Table 1. Oxygen Saturation Values in Awake Versus 
Deeply Anesthetized Patients Undergoing Tracheal 
Extubation 


Type of extubation 


Values Awake (1 = 36) Deep (n = 34) 
Age (mo) 48.5 + 17.1 55.8 + 19.7 
Weight (kg) 17.0 + 4.7 18.4 + 3.8 
Spo, 
Before extubation 98.6 + 2.5 98.7 + 1.7 
1 min’ 97.44 5.7 99.8 + 0.5 
2 min? 96.1 + 3.7 99.4 + 0.9 
3 min? 93.7 + 4.8 98.7 + 2.3 
5 min? 94.3 + 3.3 97.6 + 3.7 
7 min 94.1 + 3.9 94.0 + 5.9 
10 min 94.7 + 3.0 94.2 + 4.7 
15 min 95.1 + 4.1 94.1 + 3.9 
20 min 96.1 + 2.4 95.1 + 4.0 
25 min 96.3 + 2.7 94.5 + 5.1 
30 min 96.8 + 2.8 96.7 + 2.1 


Spo, oxygen saturation. 
“P < 0.02. 
bp < 0.0005, Student's t-test. 


less than 90% for more than 30 s) was treated with 
supplemental oxygen administered through a face 
mask at a rate of 6 L/min. Supplemental oxygen was 
discontinued every 5 min, and its need was reas- 
sessed. Airway-related complications in the operat- 
ing room such as laryngospasm, upper airway ob- 
struction, and frequent or prolonged coughing 
episodes were noted. The electrocardiogram monitor 
was closely observed to detect arrhythmias. In the 
postanesthetic period, the patients were evaluated 
for signs and symptoms of croup after extubation by 
a blinded observer using Downes’ Croup Score (3). 

All patients or their parents were interviewed by 
telephone the following day regarding the presence 
or absence of a sore throat. Differences in the overall 
time-course of Spo, were analyzed using Hotelling’s 
T*-test followed by Student's t-test at single instances 
of time. A statistical significance of P < 0.05 was 
considered acceptable. Complications after extuba- 
tion were analyzed using either a x° or Fisher's exact 
test. 


Results 


There were 36 patients in group 1 and 34 patients in 
group 2. Of the 36 patients in group 1, 18 underwent 
strabismus surgery and the remaining 18 underwent 
tonsillectomy and/or adenoidectomy (T/A). In group 
2, 14 underwent strabismus surgery and 20 had T/A. 
The age and weight of patients in both groups were 
comparable (Table 1). Similarly, there was no differ- 
ence in age and weight of patients in the different 
subgroups (e.g., T/A deep vs. T/A awake). Anesthe- 
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Table 2. Number of Patients With Airway-Related 
Complications in the Operating Room: Awake 
Versus Deeply Anesthetized Patients Undergoing 
Tracheal Extubation 


Awake (n = 36) Deep (n = 34) 


Complication Strabismus T/A Strabismus T/A 
Laryngospasm 0 0 0 2 
Excessive coughing 1 1 0 4 
Breath-holding 0 Q 1 0 
Airway obstruction requiring 0 0 1 0 

positive pressure ventilation 
Arrhythmias 1 l Q 0 


Total® 2 2 2 6 


“P > 0.35, Fisher's exact test. 


sia was induced through a mask in 59 patients; 11 
patients received intravenous thiamylal. Oxygen sat- 
uration was 100% before tracheal extubation in all 
patients, irrespective of the group assignment. As 
shown in Table 1, Spo, values were lower at 1, 2, 3, 
and 5 min after extubation in group 1 than in group 2 
patients (Hotelling’s T, P < 0.001). Oxygen satura- 
tion values were similar thereafter. Twelve patients in 
group 1 and 14 in group 2 required supplemental 
oxygen. Of the 32 patients who underwent strabis- 
mus surgery, 4 of 18 in group 1 and 5 of 14 in group 
2 required supplemental oxygen. Of the 38 patients 
who underwent T/A, 8 of 18 in group 1 and 9 of 20 in 
group 2 required supplemental oxygen. The differ- 
ence between the number of group 1 and 2 patients 
requiring supplemental oxygen was not statistically 
significant. 

There was no statistical difference (P > 0.35) be- 
tween groups 1 and 2 with respect to the incidence of 
Jaryngospasm, excessive coughing, breath-holding, 
airway obstruction requiring positive pressure venti- 
lation after extubation, or arrhythmias in the operat- 
ing room (Table 2). Multiple premature ventricular 
contractions developed in two patients in group 2 
before onset of spontaneous ventilation. The end- 
tidal CO, values in these patients were 53 and 55 mm 
Hg, and end-tidal halothane concentrations were 1.1 
and 1.22, respectively. When a lighter level of anes- 
thesia was tried to simulate spontaneous ventilation, 
it resulted in coughing. Therefore, the tracheas of 
both patients were extubated when they were awake. 

The incidence of laryngospasm, croup, and sore 
throat during the recovery period was not different 
between the two groups. There was no difference in 
the incidence of sore throat between patients whose 
tracheas were intubated after succinylcholine admin- 
istration and those who did not receive muscle relax- 
ants before intubation. Similarly, there were no dif- 
ferences between the two groups in the incidence of 
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Table 3. Number of Patients With Postoperative 
Complications: Awake Versus Deeply Anesthetized 
Patients Undergoing Tracheal Extubation 
Awake Deep 
Time/type of complication Strabismus T/A Strabismus T/A 


Recovery period (hospital) 


Laryngospasm 0 0 0 1 
Croup 
Hoarse voice 3 2 2 l 
Barky cough 1 0 2 6 
Stridor 0 0 0 0 
Cyanosis 0 0 0 0 
Sore throat 
No difficulty swallowing 0 9 0 6 
Difficulty swallowing 0 4 0 2 
Unable to swallow 0 0 0 0 
At home 
Croup 
Hoarse voice 2 1 0 3 
Barky cough 0 0 0 2 
Stridor 0 0 0 0 
Cyanosis 0 0 0 0 
Sore throat 
No difficulty swallowing 0 10 1 12 
Difficulty swallowing 0 4 1 1 
Unable to swallow 0 0 0 0 


T/A = tonsillectomy and/or adenoidectomy. 


croup and sore throat after the patients’ discharge 
from the hospital (Table 3). 


Discussion 


The tracheas of healthy children undergoing elective 
surgery can be extubated either when they are awake 
or during deep anesthesia. Before determining the 
technique of extubation, factors such as the patient’s 
physical condition, skill of the anesthesiologist, and 
expertise of the recovery room staff must be consid- 
ered. Patients with a full stomach or with a difficult 
airway, for example, should have their tracheas ex- 
tubated only after they have regained full control of 
their airway reflexes and can maintain adequate ven- 
tilation (awake). However, in select patients such as 
those with asthma, it may be preferable to extubate 
the trachea while the patients are still anesthetized so 
that bucking and coughing can bé avoided. 

There are many different methods of performing 
extubation during deep anesthesia. Our approach is 
to maintain 50% nitrous oxide, halothane, and oxy- 
gen so that anesthetic depth remains constant. An 
alternate method is to discontinue nitrous oxide and 
increase the concentration of inhaled anesthetic. Al- 
though there are no studies comparing the two 
techniques, the outcome is likely to be influenced 
more by the skill and experience of the anesthesiolo- 
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gist than by the method alone. Lidocaine and opioids 
are sometimes administered before extubation during 
deep anesthesia to decrease the incidence of cough- 
ing and laryngospasm. However, Leicht et al. (4) 
concluded that 1.5 mg/kg of lidocaine does not pre- 
vent laryngospasm when extubation is carried out at 
the start of swallowing activity. 

Croup and sore throat are also common postoper- 
ative complications that may be influenced by extu- 
bation technique. Koka et al. (1) noticed an increased 
incidence of croup after extubation in patients who 
coughed or strained while the endotracheal tube was 
in place. By contrast, we did not find any difference 
in the incidence of postoperative croup or sore throat 
between the two groups. This difference in observa- 
tions could be attributed to the fact that an air leak 
was detected around the tracheal tubes at pressures 
below 20 cm H,O in all our patients. 

Hemoglobin desaturation after tracheal extubation 
is another concern. Previous studies indicate that 
arterial oxygen desaturation will develop in 21%-35% 
of healthy patients during transport from the operat- 
ing room to the recovery room (2,5,6). Motoyama and 
Glazener (7) observed that 43% of the pediatric pa- 
tients breathing room air in the recovery room had 
low Spo, values (<91%) in the early postanesthetic 
period. In patients who awoke promptly, Spo, in- 
creased rapidly from the initial arterial hemoglobin 
desaturation, whereas hemoglobin desaturation was 
protracted in those who remained asleep. We did not 
notice any difference in the incidence or timing of 
hemoglobin desaturation between the deeply anes- 
thetized and awake extubation groups. This may be 
due to differences in patient selection, surgical pro- 
cedures, and anesthetic technique. For example, 
whereas none of the patients in our study received 
narcotics, 36% of the patients in Motoyama and 
Glazener’s study received narcotics as a premedicant 
or supplement. 

Although we expected group 1 patients to exhibit 
oxygen desaturation before extubation because of 
bucking, coughing, and breath-holding that occurs 
during awake extubation, Spo, was 100% in all pa- 
tients before extubation. Group 2 patients, on the 
other hand, were expected to have lower Spo, after 
extubation when they passed through the second 
stage of anesthesia. Our results indicate that Spo, 
values of patients whose tracheas were extubated 
when they were awake were similar to those of 
patients who underwent extubation during deep an- 
esthesia at all times except the 5 min immediately 
after extubation when values in group 2 were higher 
than those in group 1. The initial difference in Spo, 
may be of limited clinical significance, however, 
because the number of patients requiring supplemen- 
tal oxygen was similar in both groups. The clinical 
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importance of transient saturation of less than 90% i 
not known. 

We deliberately included two types of surgicé 
procedures in this study. Patients who have unde 
gone strabismus surgery are not expected to have an 
blood in their pharynx, whereas those who hav 
undergone T/A may have blood or bloody secretion 
in the pharynx during the postoperative period. W 
wanted to determine whether extubation durin 
deep anesthesia after T/A leads to more airway 
related complications than extubation after strabis 
mus surgery. We also expected a higher incidence c 
laryngospasm and hemoglobin desaturation in grou 
2 patients who had undergone T/A and therefore ha 
blood in the pharynx than in those undergoing stré 
bismus surgery. Although there were no statisticall 
significant differences between the two surgical sul 
groups, all three instances of laryngospasm occurre 
in patients who had undergone T/A. Two of thes 
occurred in the operating room after extubation dui 
ing deep anesthesia (Table 2) and the third, whic 
also involved a patient who had undergone extubz 
tion during deep anesthesia, occurred in the recover 
room (Table 3). 

One obvious bias of this study is that patients i 
group 1 received 100% oxygen for 5 min befor 
tracheal extubation, whereas patients in group 2 wer 
maintained on 50% nitrous oxide until extubation an 
were given 100% oxygen for 5 min after extubatior 
Because oxygen was administered for 5 min in bot 
groups but at different times, comparison of Spc 
between the two groups is difficult. Desaturation i 
group 1 patients may have been due to bucking 
coughing, and restlessness exhibited during awak 
extubation. Occasionally, acute arterial hypoxemi 
occurs during the patient’s emergence from anesthe 
sia due to transient right-to-left shunt (8,9). 

Given the low incidence of complications, a secon 
concern about a study such as ours is the possibilit 
of a type II error. The number of patients studie 
must be adequate to detect small differences betwee 
the two techniques. The incidence of intraoperativ 
laryngospasm is as high as 22% in children (4,10). . 
the incidence of laryngospasm would have been 22° 
compared with the observed 1.4%, a sample size of 3 
patients per group would have provided a 75% 
chance to detect such a difference at the P = 0.0 
level. Monroe et al. (11) have reported the incidenc 
of postoperative sore throat in orotracheally intu 
bated patients to be 30.9%-64.5%. In our study, if th 
proportion of patients with sore throat would hav 
been 65% instead of the observed 30%, a sample siz 
of 35 patients per group would have provided an 80° 
chance of detecting such a difference at a P = 0.0 
level. 

In conclusion, in healthy children undergoing elex 
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tive surgery, the preference of the anesthesiologist or 
surgical requirements may dictate the choice of extu- 
bation technique. Patients undergoing extubation 
when they are deeply anesthetized should be closely 
observed at least until they have regained conscious- 
ness and control of the airway reflexes. The anesthe- 
siologist may observe the patient in the operating 
room until these criteria are satisfied; however, if a 
decision is made to observe the patient in the PACU, 
the skills and capabilities of the recovery room per- 
sonnel have to be considered. Personnel skilled in 
airway management should be available to intervene 
should airway difficulty develop in the patient in the 
recovery room. 
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Is Premedication With Oral Glycopyrrolate as Effective as 
Oral Atropine in Attenuating Cardiovascular Depression in 
Infants Receiving Halothane for Induction of Anesthesia? 


Richard S. Cartabuke, MD, Patricia J. Davidson, MD, and Louise O. Warner, MD 
Department of Anesthesiology, Children’s Hospital, Columbus, Ohio 


The authors conducted a double-blind study to com- 
pare premedication with oral glycopyrrolate and oral 
atropine in prevention of bradycardia and hypoten- 
sion during induction of anesthesia with halothane- 
N-O in 90 outpatient infants and children aged 
1-18 mo who were randomized into three groups to 
receive either an oral placebo, oral atropine 
(0.02 mg/kg), or oral glycopyrrolate (0.05 mg/kg) 
approximately 1 h before induction of anesthesia. 
Heart rate and mean arterial pressure were measured 


alothane-N,O is commonly used for induc- 

tion of general anesthesia in infants and 

young children because of ease of adminis- 
tration and lack of airway irritability. However, 
halothane produces both dose-related (1) and age- 
related (2) cardiovascular depression, especially in 
neonates (3). In infants, the diminution in cardiac 
output can be attenuated by premedication with 
atropine administered either intramuscularly (4) or 
orally (2). Side effects of atropine premedication (such 
as flushing and irritability) are generally benign, but 
may increase patient discomfort and parental anxiety 
in some cases. Moreover, the strong vagolytic effect 
of atropine might cause an unwanted tachycardia in 
certain cardiac patients (5). 

Glycopyrrolate is a synthetic quaternary ammo- 
nium compound with peripheral anticholinergic 
properties similar to those of atropine. Because of a 
positive charge, it crosses the blood-brain barrier to a 
limited extent and hence exhibits fewer central ner- 
vous system side effects than atropine, which is a 
tertiary amine and readily permeates lipid barriers. 
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before drug administration, just before induction of 
anesthesia, and every minute until surgical stimula- 
tion occurred. Glycopyrrolate, at the dose used, was 
significantly less effective than atropine in attenuat- 
ing bradycardia during induction; neither glycopyr- 
rolate nor atropine altered the incidence or degree of 
hypotension. Antisialagogic activity and side effects 
were comparable, except for significantly more 
flushing with atropine. 

(Anesth Analg 1991;73:271-4) 


Glycopyrrolate is purported to be a more effective 
antisialagogue than atropine, but less likely to cause 
significant tachycardia while simultaneously blocking 
bradyarrhythmias more effectively (6). 

Comparisons of intravenous glycopyrrolate and 
intravenous atropine administered at induction of 
anesthesia in children in whom anesthesia was main- 
tained with halothane-N,O have demonstrated simi- 
lar cardiac protective effects (7,8). Oral glycopyrrolate 
has been suggested as an acceptable alternative anti- 
cholinergic premedication to oral atropine at doses 
five times parenteral doses ta adjust for poor gastro- 
intestinal absorption (5). However, there has been no 
evaluation of the efficacy of oral glycopyrrolate in the 
infant population (Berry FA, personal communica- 
tion). We designed this randomized, double-blind, 
placebo-controlled study to answer the question: 
would oral glycopyrrolate, 0.05 mg/kg, be just as 
effective as oral atropine, 0.02 mg/kg, for cardiac 
protection and antisialagogic activity in infants un- 
dergoing induction of anesthesia with halothane, but 
without the side effects of undue tachycardia, 
flushing, or irritability? 


Methods 


This study was approved by the Human Subjects 
Research Committee of Columbus Children’s Hospi- 
tal, and informed parental consent was obtained for 


Anesth Analg 1991;73:271-4 271 


272 PEDIATRIC ANESTHESIA CARTABUKE ET AL. 
ORAL ANTICHOLINERGICS IN INFANTS 


each candidate. Participants consisted of full-term 
infants and young children between 1 and 18 mo of 
age, ASA physical status I or II and without known 
cardiac or pulmonary disease, who were scheduled 
for elective outpatient surgical procedures requiring 
general anesthesia. Ninety patients were randomly 


assigned to one of three oral premedication groups: 


group 1 patients received a placebo, group 2 patients 
received 0.02 mg/kg of atropine, and group 3 patients 
received 0.05 mg/kg of glycopyrrolate. The dosages of 
atropine and glycopyrrolate were chosen on the basis 
of a previously published recommendation (5). The 
drugs were dissolved in a flavored syrup solution and 
dispensed in coded syringes by the pharmacy. All 
solutions were administered by a registered nurse in 
the short stay unit approximately 60 min before the 
scheduled time of surgery. The code was not revealed 
until the study was completed. Before drug adminis- 
tration, baseline heart rate (HR) and mean arterial 
pressure (MAP) were recorded (Dinamap). 

Just before parental separation in the holding area, 
the patient was observed for the presence or absence 
of flushing and irritability. In the operating room, an 
electrocardiographic pad and an appropriately sized 
blood pressure cuff were applied and preinduction 
HR and MAP (Dinamap) were recorded. Oxygen 
saturation was measured by a Nellcor oximeter. An- 
esthesia was induced with a 5-L flow consisting of 
60% N-O and 40% O,, with the addition of incremen- 
tal concentrations of halothane, to a maximum of 3% 
inspired. An intravenous catheter was inserted, if 
indicated, for the administration of fluids or drugs. 
Heart rate and MAP were measured at 1-min inter- 
vals during induction and up to the time of surgical 
stimulation. At the time of insertion of the oral 
airway, the presence or absence of oropharyngeal 
secretions was noted. Intravenous atropine was ad- 
ministered for bradycardia during induction at the 
discretion of the attending anesthesiologist. Postop- 
eratively, the patient was monitored in a standard 
fashion in the postanesthesia care unit and reevalu- 
ated for flushing and generalized irritability/delirium. 

Tabulated data consisted of age, weight, duration 
of fasting, the time between administration of the oral 
solution and induction of anesthesia, maximum 
halothane concentration, and HR and MAP measure- 
ments (baseline, preinduction, and lowest before 
surgical stimulation). Incidences of bradycardia (de- 
fined as >20% decrease in HR compared with base- 
line [predrug] levels) and hypotension (>30% de- 
crease in MAP compared with preinduction levels) 
were recorded, as well as incidences of satisfactory 
antisialagogic effect and preinduction and postanes- 
thetic flushing and irritability. 

Statistical significance (P < 0.05) between groups 
was determined by one-way analysis of variance for 
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Table 1. Patient Characteristics 


Placebo Atropine Glycopyrrolate 
(n = 31) (n = 31) (n = 25) 
Age (mo) 10.4+48 11.4 + 3.8 11.3 + 3.9 
Weight (kg) 89£20 9421.5 9.6 + 1.7 
Duration of fasting 91226 W223 9.3: 22:6 
(h) 
Time between 46.2 + 20.7 53.2 + 25.0 566+ 18.3 
premedication and 
induction (min) 
Maximum inspired 27204 2.92404 2.8 + 0.2 


concentration of 
halothane (%) 


Values are mean + sp. 


age, weight, duration of fasting, the time between 
premedication and induction, and maximum 
halothane concentration. The statistical significance 
of differences in HR and MAP between groups was 
tested by one-way analysis of covariance with re- 
peated measures, using the Newman-Keuls test for 
post-hoc analysis. x7 Values were used for between 
groups analysis of categorical data. 


Results 


Data from 87 of 90 infants eligible for the study were 
analyzed: one patient in each group was excluded 
because of violations in either the premedication or 


-induction protocols. A pharmacy violation of the 


double-blind coding during the study necessitated 
rerandomization and resulted in an uneven group 
distribution: group 1, n = 31; group 2, n = 31; and 
group 3, n = 25. There were no significant differences 
among the three groups in age, weight, duration of 
fasting, time between administration of the oral so- 
lution and induction of anesthesia, or maximum 
halothane concentration (Table 1). 

Baseline HRs were also comparable (Table 2). Pre- 
induction (after drug) HR increased significantly over 
baseline (before drug) HR in all three groups but was 
not significantly different among the three groups. 
Infants given atropine had the greatest increase 
(23.0%) in HR, and those receiving glycopyrrolate the 
least (10.8%). The increase in HR in the placebo 
group averaged 15.1%. During induction, HR was 
best maintained in the atropine group: although the 
lowest HR measurement in that group was signifi- 
cantly lower than preinduction HR, it was not signif- 
icantly different from baseline HR. Moreover, the 
lowest HR in the atropine group was significantly 
higher than in either the placebo or glycopyrrolate 
group. Lowest HRs within the placebo and glycopyr- 
rolate groups were significantly lower than both 
baseline and preinduction measurements (Table 2). 
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Table 2. Heart Rate and Mean Arterial Pressure Data 


Placebo 
(n = 31) 
Heart rate (beats/min) 
Baseline 129.3 + 17.9 
Preinduction 148.8 + 22.6° 
Lowest 110.0 + 20.9° 
Mean arterial pressure (mm Hg) 
Baseline 72.5 + 13.1 
Preinduction 82.2 + 27.6 
Lowest 51.5 + 10.5! 


Values are mean t sp. 
“Significantly above baseline levels and lowest levels (within groups). 


’Significantly below baseline levels and preinduction levels (within groups). 


‘Significantly higher than in placebo and glycopyrrolate groups. 


The incidence of bradycardia in the atropine group 
(14.8%) was significantly lower than in either the 
placebo (39.3%) or glycopyrrolate (66.7%) group; the 
difference between placebo and glycopyrrolate 
groups was close to being significant (P = 0.0545). No 
infant in the atropine group was given intravenous 
atropine during induction of anesthesia. Three pa- 
tients in each of the other two groups were treated for 
bradycardia with intravenous atropine. 

Baseline MAPs were comparable among the three 
groups (Table 2). Preinduction MAP in the atropine 
group was a significant 19.1% above baseline levels; 
MAP increases in thé placebo and glycopyrrolate 
groups were 13.4% and 0.25%, respectively. Lowest 
MAP levels in all three grcups were significantly below 
baseline and preinduction measurements, but were not 
significantly different among the three groups (Table 2). 
The incidence of hypotension (placebo = 61.5%, atro- 
pine = 65.4%, glycopyrrolate = 47.6%) was not signif- 
icantly different in the three groups. 

Before induction, the incidence of flushing was 
significantly greater in the atropine group (26.7%) 
than in the glycopyrrolate group (4.0%) but not in the 
placebo group (10.0%). Frequency of irritability was 
comparable among the three groups (placebo = 
30.0%, atropine = 46.7%, glycopyrrolate = 52.0%). 
The incidence of flushing and irritability in the post- 
anesthesia care unit was not appreciably different 
from préinduction levels. The incidence of completé 
drying of oropharyngeal sécretions was significantly 
greater in the glycopyrrolate group (40.9%) than in 
the placebo group (15.4%) but was not significantly 
different from the atropine group (25.9%). 


Discussion 


The oral route for premedication in children has 
proved to be both acceptable and efficacious (9). 
Preoperative medication is used in children (a) to 
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Atropine Glycopyrrolate 
(1 = 31) (n = 25) 
127.6 + 17.1 132.1 + 14.5 
157.0 + 31.6" 146.4 + 26.67 
125.9 + 26.6° 102.1 + 14.2% 
72.4 + 15.3 79.9 + 19.7 
86.2 + 26.3" 80.1 + 22.3 
56.4 + 13.4! 55.9 + 9.7% 


provide sedation and tranquility, (b) to supplement 
general anesthesia techniques, (c) to decrease airway 
secretions, and (d) to block unwanted autonomic 
responses. At our institution, drugs administered to 
achieve the first two effects (sedatives/hypnotics and 
anxiolytics) are not commonly used in infants and 
children less than 18 mo of age because of the wide 
range of pharmacokinetic and pharmacodynamic re- 
sponses and the high incidence of undesirable. post- 
Operative side effects, such as respiratory depression, 
prolonged sedation, and delirium. However, anti- 
cholinergics may be useful in infants to accomplish 
the third and fourth objectives: they are excellent 
drying agents and effectively protect against brady- 
cardia associated with anesthetic drugs and airway 
manipulation (5). 

Sensitivity to the myocardial depressant effects of 
halothane varies inversely with age (2,3,10). In- 
creased negative inotropy with halothane in the very 
young has been attributed to age-related differences 
in anesthetic potency and/or myocardial structure 
(11) and to a more rapid uptake and distribution of 
halothane with more rapid achievemerit of myocar- 
dial concentrations (12). Increased negative chrono- 
tropy with halothane may be due to a depressed 
baroreceptor response to hypotension (13,14) and 
vagal predominance (15) in the very young. The less 
compliant infant heart, with a reduced contractile 
mass (16), depends more on an increase in HR than 
on an increase in stroke volume to compensate for a 
decreased cardiac output (14) and is better able to 
accomplish this during halothane anesthesia in the 
presence of an anticholinergic drug. 

For this study, oral doses of atropine and glyco- 
pyrrolate were based on the recommendation of a 
twofold and fivefold increase, respectively, over in- 
travenous doses (5); articles addressing pharmacoki- 
netics and pharmocodynamics have generally used 
like doses (17,18). Our study demonstrated that pre- 
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medication with 0.02 mg/kg of oral atropine attenu- 
ated the bradycardia associated with halothane anes- 
thesia in infants and young children, confirming the 
results of Miller and Friesen (2). Oral glycopyrrolate, 
0.05 mg/kg, was ineffective in maintaining HR. This is 
probably due to the fact that, in contrast to atropine, 
gastrointestinal absorption of glycopyrrolate is vari- 
able and incomplete. Indeed, Ali-Melkkila et al. (17) 
concluded that the oral route (in older adults receiv- 
ing approximately 0.05 mg/kg of glycopyrrolate) is of 
no value as a routine premedication. However, they 
did find a significant antisialagogic effect with oral 
glycopyrrolate, even at low plasma concentrations: 
evidently, much higher plasma concentrations are 
needed to produce tachycardia, possibly due to dif- 
ferent sensitivities of muscarinic receptor subtypes to 
glycopyrrolate (19). Results of our study support this 
supposition: patients in the glycopyrrolate group 
exhibited a significant antisialagogic effect compared 
with placebo, but no HR effect. In fact, oral glycopyr- 
rolate actually provided less protection from brady- 
cardia compared with placebo. This may reflect a 
weak peripheral muscarinic cholinergic agonist effect 
associated with small doses (low plasma concentra- 
tions) of anticholinergic drugs (20). 

Oral atropine was less effective in this study in 
maintaining MAP than in maintaining HR, which 
also corroborates the study of Miller and Friesen (2). 
Barash et al. (1) used echocardiography to show that 
even 0.02 mg/kg of intravenous atropine adminis- 
tered during halothane anesthesia in children did not 
reverse ventricular depression or increase blood pres- 
sure significantly but did improve cardiac output and 
all rate-dependent variables. It would seem that an- 
ticholinergics have little effect in ameliorating nega- 
tive inotropy associated with halothane. 

The majority of infants in this study underwent 
myringotomy with or without insertion of tympanos- 
tomy tubes. Anesthesia for this procedure is gener- 
ally provided using a face mask without an intrave- 
nous line because of its brevity. In the nonatropinized 
infant in whom insertion of an intravenous line is not 
planned, a “window of vulnerability” for bradycardia 
occurs between the times of mask placement and 
surgical stimulation. Oral atropine premedication can 
virtually close this window. 

In summary, oral premedication with 0.05 mg/kg 
of glycopyrrolate was significantly less effective than 
oral premedication with 0.02 mg/kg of atropine in 
attenuating bradycardia during induction of halo- 
thane anesthesia in infants and young children 
1-18 mo of age. Neither drug affected the incidence or 
degree of hypotension. Atropine caused significantly 
more flushing than glycopyrrolate, but increases in 
HR before induction of anesthesia, antisialagogic 
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effect, and the incidence of irritability were not sig- 
nificantly different. 
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Resistance to Vecuronium in Patients With Cerebral Palsy 


S. S. Moorthy, MD, Gopal Krishna, MD, and Stephen F. Dierdorf, MD 
Department of Anesthesia, Riley Children’s Hospital, Indiana University Medical Center, Irdianapolis, Indiana 


To determine the electromyographic response of pa- 
tients with cerebral palsy to vecuronium, 10 children 
(mean age, 6 yr 10 moi without cerebral palsy and 11 
children with cerebral palsy (mean age, 10 yr 3 mo) 
were studied. All patients were undergoing abdomi- 
nal or orthopedic surgery and were anesthetized with 
isoflurane and nitrous oxide. The time from intrave- 
nous administration of 0.1 mg/kg of vecuronium to 


burns (3), and adult respiratory distress syn- 

drome (4) are resistant to nondepolarizing mus- 
cle relaxants (NDMR). Disuse atrophy (5) and immo- 
bilization (6) in experimental animals is associated 
with decreased sensitivity to NDMR. In addition, 
patients treated with carbamazepine (7), phenytoin 
(8), corticosteroids (9), and aminophyline (10) for 
their coexisting diseases have decreased sensitivity to 
NDMR. We observed that children with cerebral 
palsy required more NDMR during surgery as com- 
pared with normal children. The present study was 
designed to evaluate the electromyographic response 
of patients with cerebral palsy to vecuronium. 


| Patients with upper motor neuron lesions (1,2), 


Methods 


The study was approved by the institutional review 
board and informed consent was obtained from the 
parents or guardians of the patients. Ten children 
(mean age, 6 yr 10 mo) belonging to ASA class I or II 
who were undergoing elective surgery served as 
controls. Eleven children with cerebral palsy (mean 
age, 10 yr 3 mo) belonging to ASA class II or IM who 
were undergoing abdominal or orthopedic proce- 
dures were included in the study. These patients had 
spasticity in all their extremities. 

After intravenous atropine (10 wg/kg) and thiopen- 
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25% recovery of control twitch height was 43.9 + 5.3 
and 18.9 + 1.7 min (mean + sEM) in children without 
and with cerebral palsy, respectively (P < 0.01). The 
authors conclude that patients with cerebral palsy are 
either resistant to vecuronium or have a rapid clear- 
ance as evidenced by the rapid recovery from neuro- 
muscular blockade. 

(Anesth Analg 1991;73:275-7) 


tal (5 mg/kg) were administered for induction of 
anesthesia, the patients were allowed to breathe 
spontaneously, inhaling a mixture of 39% oxygen, 
60% nitrous oxide, and 1% isoflurane through a face 
mask. The electrodes for the electromyographic mon- 
itor (Datex Relaxograph, Datex Instrumentation 
Corp., Helsinki, Finland) were placed according to 
the manufacturer’s recommendation (the stimulating 
electrodes on the median nerve in the forearm and 
the monitoring electrodes on the thenar muscles). 
The thenar muscle electromyographic (EMG) re- 
sponses were obtained using 0.15-ms supramaximal 
pulses at 0.1 Hz for train-of-four responses that were 
recorded on a paper at slow speed. Five minutes after 
induction, a control EMG response was obtained and 
0.1 mg/kg of vecuronium was administered rapidly at 
the hub of the indwelling intravenous catheter. The 
trachea was intubated when maximum twitch de- 
pression occurred or the twitch response disap- 
peared. Anesthesia was maintained using oxygen 
(39%), nitrous oxide (60%), and isoflurane (1%) as 
monitored by an Ohmeda multigas analyzer (Oh- 
meda 6000 Multigas Monitor; Ohmeda, Madison, 
Wis.). End-tidal carbon dioxide was monitored by the 
multigas analyzer and was maintained between 35 
and 40 mm Hg. Patient temperature was monitored 
using a temperature probe incorporated into an 
esophageal stethoscope and was maintained between 
36 and 37°C. The recovery times of the first twitch of 
the train of response (T1) from the time of adminis- 
tration of vecuronium to 25% and 50% recovery 
compared with the control twitch height were calcu- 
lated from the recording paper. The recovery times to 
75% and 100% were not calculated because of read- 
ministration of muscle relaxants to most of the chil- 
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RESISTANCE TO VECURONIUM IN PATIENTS WITH CEREBRAL PALSY 


Table 1. Recovery Times to 25% and 50% of First Twitch 
(T) of the Train-of-Four Electromyographic Recordings in 
Normal Children and Children With Cerebral Palsy 


T1-25 T1-50 

(min) (min) 
Normal children (n = 10) 43.9+5.3 55:5-4 7.0 

Children with CP 

All, n = 11 18.9 + 1.1 23.4 + 2.3 
(P < 0.01) (P < 0.01) 
Phenytoin-treated, n = 5 17.4 + 2.3 21.6 + 3.4 
(P < 0.01) (P < 0.01) 
Phenabarbital-treated, n = 6 20.17 + 1.1 25.0 + 0.9 
(P < 0.01) (P = 0.02) 


CP, cerebral palsy; T1-25, time to 25% recovery from the control height 
cf the first twitch; T1-50, time to 50% recovery from the control height of the 
first twitch. 

Probability is calculated by comparing children with cerebral palsy to 
normal children. 

Values are mean + SEM. 


dren. Statistical analysis was done by using an un- 
paired t-test between normal patients and patients 
with cerebral palsy. 


Results 


The T1 recovery time to 25% of the control (T1-25) 
was 43.9 + 5,3 min (mean + sEM) in normal children, 
whereas in children with cerebral palsy it was 18.9 + 
1.7 min (P < 0.01) (Table 1). The T1 recovery time to 
50% of the control (T1-50) was 55.5 + 7.0 min in 
normal children and 23.4 + 2.3 min in children with 
cerebral palsy. All of the children with cerebral palsy 
had a history of seizures and were receiving anti- 
seizure medications. Five of these children were 
receiving phenytoin and six children were being 
treated with phenobarbital. The T1-25 and T1-50 in 
the children with cerebral palsy receiving phenytoin 
were 17.4 + 2.3 and 21.6 + 3.4 min, respectively. The 
T1-25 and T1-50 in phenobarbital-treated children 
were 20.2 + 1.1 and 25.0 + 0.9 min, respectively. 
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Discussion 


Our findings demonstrate that patients with cerebral 
palsy are resistant to the neuromuscular blocking 
effects of vecuronium. This resistance was evidenced 
by the short recovery time of the first twitch (T1) of 
train-of-four EMG responses to 25% (T1-25) and 50% 
(T1-50) of the control response of T1 (Table 1, Figures 
1 and 2). We also have indirect evidence that patients 
with cerebral palsy may require greater doses of 
vecuronium to produce complete loss of twitch re- 
sponse (Figure 2). 

Patients with upper motor neuron disease and 
hemiplegia are resistant to NDMR (1,2). Shayevitz 
and Matteo (9) demonstrated resistance to metocu- 
rine in both spastic and normal limbs of hemiplegic 
patients. It can be speculated that this resistance in 
normal limbs is secondary to cross-innervation by 
pyramidal tracts. In the same study, Shayevitz and 
Matteo also found that monitoring thumb twitch may 
underestimate the degree of neuromuscular blockade 
in the muscles of respiration. The exact mechanism of 
the resistance of patients with upper motor neuron 
lesions is, as yet, unclear. The resistance to NDMR 
may be secondary to an increase in the number of 
junctional and extrajunctional acetylcholine recep- 
tors. Brett et al. (10) demonstrated an increased 
number of acetylcholine receptors in muscle samples 
from patients with multiple sclerosis. 

All our patients with cerebral palsy were severely 
affected with spastic quadriplegia, mental retarda- 
tion, and seizure disorders. Other causes of resis- 
tance to NDMR that conceivably could have affected 
our patients include immobilization with muscle at- 
rophy (4,5) and concomitant administration of phe- 
nytoin (7) and phenobarbital. Proposed mechanisms 
for such drug interactions include (a) increased me- 
tabolism of the muscle relaxant via hepatic enzyme 
induction, (b) decreased sensitivity of muscle recep- 
tors to the muscle relaxant, (c) increased numbers of 
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Figure 1. Electromyographic train-of-four responses in a normal t after administration of 0.1 mg/kg of vecuronium for tracheal 
intubation. The x-axis represents time in minutes, the y-axis the twitch height, widely separated bars the first twitch (T1), and narrowly 
separated bars the fourth twitch (T4). The arrow points to T1-50. (Redrawn for clarity.) 
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Figure 2. Vecuronium (0.1 møkg) in a patient with cerebral palsy 
demonstrating rapid recovery cf T1-25 (10 min) and T1-50 (12 min). 
Redose, second dose of vecuronium; stop, end of surgery. The 
bottom arrow points to T1-50. Widely separated bars represent the first 
twitch (T1), and narrowly separated bars the fourth twitch (T4). 
(Redrawn for clarity.) 





receptors, and (d) increased muscle end-plate cholin- 
esterase activity. In our study five of the 11 children 
with cerebral palsy were being treated with pheny- 
toin and six with phenobarbital. Phenytoin and other 
seizure medications can produce resistance to nonde- 
polarizing muscle relaxants (7). However, phenobar- 
bital is not known to alter the response to nondepo- 
larizing muscle relaxants. In the present study both 
groups of children were found to be resistant to 
vecuronium, indicating that the children with cere- 
bral palsy were resistant to vecuronium because of 
upper motor neuron damage. 

We conclude that patients with cerebral palsy are 
resistant to vecuronium as evidenced by their rapid 
recovery from neuromuscular blockade. This in- 
creased rate of recovery was evidenced by use of a 
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peripheral EMG response. As recovery of respiratory 
muscles may not be as rapid as that of limb muscles, 
evidence of adequate respiratory muscle ‘function 
must be assured before discontinuation of ventilatory 
support. 
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Neuromuscular Effects of Succinylcholine on the Vocal 
Cords and Adductor Pollicis Muscles 
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To quantify the effects of succinylcholine at the laryn- 
geal adductor muscles and the adductor pollicis, 17 
adult patients were studied during propofol-fentanyl 
anesthesia. Train-of-four stimulation was applied to 
the ulnar nerve at the wrist and the recurrent laryn- 
geal nerve at the notch of the thyroid cartilage. 
Laryngeal response was measured as pressure 
changes in the cuff of the tracheal tube positioned 
between the vocal cords. The force of contraction of 
the laryngeal adductor muscles and of the adductor 
pollicis were compared after administration of 0.25 or 
0.5 mg/kg of succinylcholine. With 0.25 mg/kg, max- 
imum blockade of first twitch (T1) was 66% + 10% 
(mean + SEM) and 45% + 13% at the vocal cords and 
the adductor pollicis, respectively (P < 0.01). After 


tracheal intubation; paralysis of several muscle 
groups is necessary to obtain good intubating 
conditions. For example, the response of the dia- 
phragm (1,2) and masseter (3) is different, both in 
intensity and time-course, from that of the commonly 
monitcred adductor pollicis; and a discrepancy has 
been described between tracheal intubating condi- 
tions and the intensity of peripheral paralysis (4). 
Adequate relaxation of the laryngeal adductor 
muscles is also required to obtain good tracheal 
intubating conditions. However, the effects of succi- 
nylcholine on the laryngeal adductor muscles are 
unknown because of the unavailability of a technique 
to measure the force of contraction of these muscles. 
A method was developed recently to assess the 
effects of muscle relaxants on the larynx (5). 
Therefore, this study was designed to compare the 
onset time, maximum blockade, and duration of 


i y ache int is commonly used to facilitate 
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0.5 mg/kg, maximum blockade at the vocal cords 
(93% + 2%) and the adductor pollicis (84% + 6%) did 
not differ significantly. For both doses, time to max- 
imal blockade was shorter for the vocal cords (0.9 + 
0.1 min) than for the adductor pollicis (1.7 + 0.2 min; . 
P < 0.01). Time to 90% recovery of T1 after a bolus of 
0.5 mg/kg was similar at the vocal cords (4.3 + 
0.5 min) and the adductor pollicis (5.2 + 0.8 min) 
(NS). The EDs, was less at the laryngeal adductors 
(0.170 mg/kg) than at the adductor pollicis 
(0.278 mg/kg). It is concluded that, in adults, succi- 
nylcholine-induced blockade is more rapid and more 
intense at the laryngeal muscles than at the adductor 
pollicis. 

(Anesth Analg 1991;73:278-82) 


action of a succinylcholine-induced neuromuscular 
blockade on both the laryngeal adductor and the 
adductor pollicis muscles. 


Methods 


The protocol was approved by our human ethics 
committee and informed consent was obtained from 
the patients. Seventeen patients, ASA physical status 
I or II, aged 18-70 yr and undergoing elective surgical 
procedures, were studied. No patient had any dis- 
ease or metabolic abnormality known to alter neuro- 
muscular transmission. Other exclusion criteria were 
the presence of an abnormal upper airway, laryngeal 
abnormalities, previous head and neck surgery, or 
radiotherapy. Patients who deviated from their nor- 
mal body weight by more than 20% were also ex- 
cluded, as were those taking any medication interfer- 
ing with neuromuscular function. 

No premedication was used. Anesthesia was in- 
duced with 2-5 pg/kg of fentanyl and 2-3 mg/kg of 
propofol intravenously. After induction of anesthe- 
sia, tracheal intubation was performed without neu- 
romuscular blocking drugs, using a Mallinckrodt tra- 
cheal tube (Athlone, Ireland; inner diameter 7.5 mm). 
No local anesthetic drug was given intratracheally. 
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The midportion of the inflatable cuff of the tube was 
positioned between the vocal cords under direct 
vision. The cuff was inflated with air to a pressure of 
at least 10-12 mm Hg and sufficient to prevent leaks. 
The cuff was connected to an air-filled Hewlett- 
Packard pressure transducer. Ventilation was con- 
trolled mechanically to maintain the partial pressure 
of CO, (Pco,), as measured by capnography, be- 
tween 30 and 40 mm Hg. Then, anesthesia was 
maintained with a continuous infusion of propofol 
(10-15 mg-kg~*-h~*) and intermittent boluses of fen- 
tanyl (1-2 pg/kg). Neither halogenated anesthetics 
nor nitrous oxide was used. 

The ulnar nerve was stimulated at the wrist with 
surface electrodes, using 2-Hz train-of-four stimula- 
tion every 10 s with 0.2-ms supramaximal square- 
wave stimuli. The force of contraction of the adductor 
pollicis was measured with a Curamétre Module 2 
Transducer (Bio-Industry, France) and recorded on 
paper. Bilateral adduction of the vocal cords was 
produced by supramaximal stimulation of the recur- 
rent laryngeal nerve. A negative cutaneous electrode 
was placed on the notch of the thyroid cartilage, and 
the positive electrode was placed either on the ster- 
num or the forehead. Supramaximal train-of-four 
stimulations were applied every 10 s with a Curam- 
étre Module 1 (Bio-Industry) nerve stimulator. Vocal 
cord response was determined by measuring the 
pressure change produced in the cuff of the tracheal 
tube by the adduction or the vocal cords. The re- 
sponse was displayed on an oscilloscope and re- 
corded on paper. 

After a stable baseline had been obtained, 0.25 
(n = 8) or 0.5 (n = 9) mg/kg of succinylcholine was 
injected by random alloca‘ion as a rapid bolus. After 
maximal blockade was attained, the interval between 
train-of-four stimulations was increased to 20 s at 
each site of stimulation. Neuromuscular blockade 
was monitored until the first twitch response (T1) for 
both muscles recovered to at least 90% of control 
value. The following variables were measured: onset 
time (time from the end of injection until maximum 
T1 blockade) and the times from the injection to 25%, 
50%, 75%, and 90% T1 recovery. The results are 
expressed as mean + sEM. The results obtained at the 
larynx and the adductor pollicis were compared using 
Student’s t-test for paired data. Linear regressions 
were obtained between the logit transformation of 
maximum T1 blockade and the logarithm of dose, 
and the EDs, was derived for each’ muscle. The EDs, 
values are given as estimate + standard error of 
estimate for the mean. Analysis of covariance was 
used to compare the dose-response curves of the two 
muscles. A P value of 0.05 or less was considered to 
indicate statistically significant differences. 
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Table 1. Demographic Data 


Dose Age Height Weight Sex 
(mg/kg) (yr) (cm) (kg) (M/F) 
0.25 5243 159 + 3 58 +3 1/7 
0.50 46 +3 1622 56 +3 0/9 


Values are mean + SEM. 





Figure 1. Response to train-of-four stimulation applied every 10 s 
of the recurrent laryngeal nerve (top) and ulnar nerve (bottom) after 
0.5 mg/kg of succinylcholine (given at the solid horizontal bar). 
Laryngeal blockade is faster and more intense than adductor 
pollicis blockade. Twitch tension augmentation and increase in 
baseline tension are observed at the adductor pollicis but not at the 
larynx. 


Results 


Age, height, weight, and sex ratio were similar in 
both groups. Patients’ demographic data are summa- 
rized in Table 1. A typical tracing is shown in Figure 
1. With either dose, succinylcholine produced maxi- 
mum blockade more rapidly on the vocal cords than 
on the adductor pollicis (Table 2, Figures 2 and 3). 
Maximum neuromuscular blockade was greater at the 
vocal cords for both doses, but statistical significance 
was achieved only for the lower dose (0.25 mg/kg). 
Recovery times could not be measured after admin- 
istration of 0.25 mg/kg because maximum blockade 
was not intense enough. After administration of 
0.5 mg/kg, recovery tended to occur 1 min earlier at 
the vocal cords, the difference being significant only 
for the times to 25% and 50% recovery (Table 3). 

The dose-response curves for both muscles did not 
differ in slope (vocal cords = 3.13 + 1.29; adductor 
pollicis = 4.29 + 1.45), but the dose-response curve of 
the vocal cords was shifted to the left, as compared 
with the adductor pollicis. The EDs, was (mean + 
standard error of estimate for the mean) 0.170 + 
0.027 mg/kg at the vocal cord adductors and 0.278 + 
0.037 mg/kg at the adductor pollicis (P < 0.03). 

In seven of the eight patients receiving 0.25 mg/kg 
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Table 2. Onset Characteristics 


Maximum blockade 


Adductor 
Dose Larynx pollicis 
(mg/kg) (%) (%) 
0.25 66 + 10 45 + 13 
0.50 93 +2 84 + 6 


NS, not significant. 
Values are mean + SEM. 
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Figure 2. First twitch height (T1) at the larynx and adductor 
pollicis versus time after 0.25 mg/kg of succinylcholine. 


of succinylcholine and five of the nine patients receiv- 
ing 0.5 mg/kg, twitch tension augmentation (ie., 
response greater than 105%) of the control value 
occurred at the adductor pollicis (Table 4 and Figure 
1). Twitch tension augmentation was not present at 
the vocal cords. An increase in baseline tension was 
sometimes seen at the adductor pollicis (Figure 1), 
but this phenomenon was never observed at the 
larynx. 


Discussion 


We found that succinylcholine produces more rapid 
and more intense vocal cord neuromuscular blockade 
when compared with the adductor pollicis. This 
accelerated onset at the laryngeal muscles, compared 
with the adductor pollicis, has. been reported previ- 
ously in anesthetized humans receiving vecuronium 
(6). A shorter onset of action at other muscles (dia- 
phragm, masseter) than at the adductor pollicis was 
also described in humans for both succinylcholine 
(2,3) and nondepolarizing muscle relaxants (2). An 
important factor governing onset of action is circula- 
tion time to muscle (7,8). Muscles close to the central 
circulation tend to have a greater blood flow and are 
paralyzed more rapidly than peripheral, more poorly 
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Onset 
Adductor 
Larynx pollicis 
P (min) (min) P 
0.01 0.9 + 0.1 1.4 + 0.1 0.01 
NS 0.9 + 0.1 1.7 + 0.2 0.001 


Table 3. Recovery Characteristics (after 0.5 mg/kg 


of succinylcholine) 


Adductor 
Larynx pollicis P 
Time 25% (min) 2.1 + 0.3 3.1 £0.5 0.05 
Time 50% (min) 2.9 £0.3 3.8 + 0.6 0.05 
Time 75% (min) 3.7 + 0.4 4.5 + 0.7 NS 
Time 90% (min) 4.3 + 0.5 5.2 + 0.8 NS 


NS, not significant. 
Values are mean + SEM. 


perfused muscles. Thus, the faster onset of blockade 
at the vocal cords might be related to their proximity 
to the aorta and to a higher blood supply than the 
peripheral muscles, favoring more rapid access of 
succinylcholine to the neuromuscular junction. Be- 
cause the pattern of nerve stimulation can influence 
onset time (9), the same type of stimulation (TOF 
every 10 s) was used for both muscles. 

Maximum blockade was significantly greater at the 
vocal cords compared with the adductor pollicis after 
administration of 0.25 mg/kg of succinylcholine. Sta- 
tistical significance was not reached for the higher 
dose because blockade was close to 100%. The rea- 
sons for the increased sensitivity of laryngeal muscles 
are unclear. Blood flow might play a role. If onset 
time is short at the vocal cords because of a high 
blood flow, it follows that the vocal cords might 
receive a greater amount of succinylcholine than the 
adductor pollicis, thus enhancing blockade at the 
larynx. However, other factors must play a role. 

Vecuronium neuromuscular blockade at the larynx 
was less intense than at the adductor pollicis, in spite 
of a faster onset at the larynx (6). In this respect, 
succinylcholine behaves differently. Also, succinyl- 
choline spares the diaphragm, in spite of a fast onset 
at that muscle (1), indicating that the sensitivity of 
laryngeal adduction to succinylcholine is different 
from that of the diaphragm. 

Some of these findings might be related to the 
different sensitivities of different fiber types and 
muscle relaxants (10,11). Laryngeal adductor muscles 
(lateral cricoarytenoid and thyroarytenoid) have short 
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Table 4. Twitch Tension Augmentation Expressed as 
Percent of Control 


Twitch tension 


augmentation Time 
Dose (%) _(min) 
0.25 131 +9 0.66 + 0.08 
0.50 Dies 0.56 + 0.04 


Values are mean + SEM. 


contraction times (12) but the adductor pollicis is 
made up mostly of slow oxidative fibers (13). Exper- 
imental data in cats (11,14) and pigs (15) suggest that, 
contrary to nondepolarizing blockers, succinylcholine 
was more effective in blocking the fast contracting 
tibialis than the slow contracting soleus muscle. 
Selective stimulation of laryngeal adductor mus- 
cles was obtained in all patients. The method used is 
similar to the technique used in animals to control the 
position of the vocal cords (16) and to measure 
pressure changes within the glottis (17,18). The stim- 
ulating electrode was placed over the notch of the 
thyroid cartilage because the branch of the recurrent 
laryngeal nerve that innervates the laryngeal adduc- 
tor muscles projects anteriorly (5). The use of nitrous 
oxide was avoided because of the possible diffusion 
of the gas into the inflatable cuff. Propofol and an 
opioid were used for induction and maintenance of 
anesthesia to avoid the possible drug interaction 
between succinylcholine and volatile agents. 
Dose-response curves were obtained with two 
doses only. It is possible that three or four doses 
would have yielded more accurate data, but this 
could have created the problem of 0% and 100% 
responses, which cannot be treated with logit trans- 
formation. In addition, more accurate recovery data 
are obtained if a sufficient number of patients receive 
the same dose. Errors in constructing the dose- 
response curve with only two doses are possible, but 
this was preferred to a cumulative technique because, 
during administration of succinylcholine, redistribu- 
tion and elimination are important factors that may 
induce underestimation of potency. Meretoja and 
Wirtavuori (19) have recently demonstrated that a 
good estimate of potency of muscle relaxants could be 
obtained with two doses. Previous studies have re- 
ported lower values of EDs, than obtained here for 
succinylcholine at the adductor pollicis (0.11 [3] and 
0.19 [20] mg/kg). However, in two recent studies 
where succinylcholine was given shortly after the 
induction agent and halogenated agents were 
avoided, the EDsy was 0.31 (21) and 0.27 mg/kg (22), 
respectively. These results are similar to our findings 
of 0.278 mg/kg for the EDsp at the adductor pollicis. 
Even if the technique used in this study should be 
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Figure 3. First twitch height (T1) at the larynx and adductor 
pollicis versus time after 0.5 mg'kg of succinylcholine. 


interpreted with caution, the differences observed in 
ED;9 indicate that the adductor pollicis muscle is 
more resistant to succinylcholine than the laryngeal 
adductor muscles. 

Twitch tension augmentation has been reported 
after administration of succinylcholine in animals (23) 
and humans (22,24). This increase has been attrib- 
uted to a presynaptic mechanism. After a dose of 
0.25 mg/kg, first twitch tension increased to 131% of 
control, similar to the recent results obtained by 
Szalados et al. (22) with the same dose. This phenom- 
enon was not observed in any patient at the laryngeal 
adductor muscles. The reasons for the absence of 
twitch tension augmentation at laryngeal muscles are 
unclear but could be due to differences in the type of 
fibers of the two muscles studied. Succinylcholine 
also produces an increase in baseline tension, which 
has been reported at the masseter (3,25,26). Similar 
changes, but of smaller magnitude, were observed at 
the adductor pollicis in this and other studies (3,26). 
Such changes in baseline tension were not observed 
at the laryngeal muscles. These differences between 
muscles might be related to muscle type. However, 
these observations do not imply that twitch augmen- 
tation and changes in baseline tension have a com- 
mon mechanism. ` 

During onset of neuromuscular blockade, paraly- 
sis of the adductor pollicis lags behind relaxation of 
the laryngeal adductor muscles. These findings could 
explain the discrepancies observed between the intu- 
bating conditions and the degree of peripheral neu- 
romuscular blockade (4). After injection of vecuro- 
nium, maximum blockade of vocal cords also occurs 
before maximum blockade of the adductor pollicis (6), 
but succinylcholine is different in two important 
respects. Maximum laryngeal blockade occurs in less 
than 1 min, compared with 3 min for vecuronium; 
and succinylcholine doses sufficient to block the 
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adductor pollicis are expected to produce paralysis of 
the vocal cords. For vecuronium, however, the laryn- 
geal adductors require much more than the adductor 
pollicis for an identical degree of blockade. Therefore, 
in addition to its rapid onset of action, succinylcho- 
line exhibits some selectivity for laryngeal adductor 
muscles, making this drug particularly suitable for 
tracheal intubation. 
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Experiments were performed on 14 fentanyl-pento- 
barbital-anesthetized dogs to assess changes in myo- 
cardial oxygen supply/demand relations during intra- 
venous infusions of phenylephrine (2.8 wg-kg~*-min™’). 
Myocardial blood flow was measured with radioac- 
tive microspheres. Myocardial oxygen and lactate 
extraction were determined. Myocardial oxygen con- 
sumption was calculated with the Fick equation. In 
series 1, measurements were obtained during phe- 
nylephrine-induced pressor responses. In series 2, 
measurements were obtained with aortic pressure 
maintained constant with an extracorporeal reservoir 
during phenylephrine infusion, so that coronary va- 
somotor responses could be assessed in the absence 
of increases in ventricular afterload and perfusion 
pressure. In series 1, the phenylephrine-induced in- 
crease in mean aortic pressure (+42%) was accompa- 
nied by proportional (60%) increases in myocardial 
blood flow and myocardial oxygen consumption and 
with no change in the endocardium-to-epicardium 


ceptors that mediate vasoconstriction during 
stimulation of the cardiac sympathetic nerves 
or during intracoronary administration of agonists 
(1). The potency of this vasoconstrictor mechanism is 
evidenced by its ability to limit coronary blood and 
myocardial oxygen delivery when it is opposed by 
metabolic vasodilation secondary to catecholamine- 
induced increases in myocardial metabolism (2), 
hemorrhagic hypotension (3), coronary stenosis (4), 
or exercise (5). 
Intravenous infusions of phenylephrine, an a,- 
adrenoreceptor agonist, are widely used intraopera- 


l The coronary circulation possesses a,-adrenore- 
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flow ratio, oxygen extraction. coronary sinus oxygen 
tension and oxygen saturation, or myocardial lactate 
extraction. In series 2, phenylephrine infusion caused 
a transmurally uniform 15% decrease in myocardial 
blood flow combined with a 10% decrease in myocar- 
dial oxygen consumption. The coronary arteriove- 
nous oxygen difference increased modestly (+5%), 
resulting in small decreases in coronary sinus oxygen 
tension and oxygen saturation, whereas lactate ex- 
traction was unaffected. The present findings suggest 
that phenylephrine has a direct vasoconstrictor effect 
in the coronary circulation that is weak and com- 
pletely overridden by metabolic autoregulatory 
mechanisms in response to pressure-induced aug- 
mentations in cardiac workload. The authors con- 
clude that the myocardium is not at risk when phe- 
nylephrine is used to treat hypotension in patients 
with adequate cardiac function and coronary vasodi- 
lator reserve. 

(Anesth Analg 1991;73:283-8) 


tively to treat hypotension by increasing systemic 
vascular resistance secondary to vasoconstriction in 
peripheral tissues (6). It is uncertain whether the 
plasma concentration of phenylephrine during such 
pressor infusions is sufficient to activate the coronary 
a,-adrenoreceptors. If so, this factor may impair the 
ability of metabolic vasodilator mechanisms to satisfy 
the pressure-induced increase in myocardial oxygen 
demand (7). 

Accordingly, the authors sought to evaluate indi- 
ces of the balance between myocardial oxygen supply 
and demand, including blood flow, oxygen con- 
sumption, and lactate extraction, during phenyleph- 
rine-induced pressor respcnses in fentanyl-pentobar- 
bital-anesthetized dogs. In addition, measurements 
were obtained with aortic pressure maintained con- 
stant during phenylephrine infusion to evaluate cor- 


` onary vasomotor responses in the absence of in- 


creases in ventricular afterload and aortic pressure 
and of decreases in heart rate. 
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Methods 
Experimental Preparation 


The experimental protocols were conducted in compli- 
ance with the Institutional Animal Research Commit- 
tee. Experiments were performed on 14 conditioned, 
heartwcorm-free mongrel dogs of either sex (weight 
range, 20-25 kg). Anesthesia was induced with intra- 
venous bolus injection of fentanyl (40 g/kg) and pen- 
tobarbital (10 mg/kg). Anesthesia was maintained by 
continuous intravenous infusion of fentanyl and pen- 
tobarbital at rates of 20 ug-kg~*-h~* and 1 mg-kg™?-h™?, 
respectively. After tracheal intubation and left thoracot- 
omy in the fourth intercostal space, the dog was me- 
chanically ventilated (Air Shields, Inc.) with inspired 
oxygen fraction equal to 1.0. The volume and rate of the 
ventilator were established to maintain arterial carbon 
dioxide tension (Paco) at physiologic levels. Muscle 
paralysis was obtained with an intravenous injection of 
0.1 mg/kg of vecuronium bromide with supplements at 
0.05 mg-ke~?*-h7?. 

Polyethylene cannulas were inserted into (a) the 
thoracic aorta through the left femoral and right 


brachial arteries for monitoring aortic blood pressure. 


and for obtaining samples of arterial blood for anal- 
ysis of gas composition and (b) the right femoral vein 
for intravenous injections and infusions. The heart 
was exposed through a left thoracotomy in the fourth 
intercostal space. A polyethylene cannula was in- 
serted into the left atrium through the left atrial 
appendage for injecting radioactive microspheres. A 
micromanometer-tipped pressure transducer (Millar 
Instruments, Houston, Tex.) was inserted into the 
left ventricle through the left atrium and the mitral 
valve to measure left ventricular pressure. The max- 
imum rate of rise of left ventricular systolic pressure 
(dP/dt max) was obtained from the left ventricular 
pressure pulse with an electronic differentiator. The 
left ventricular pressure signal was used to drive a 
cardiotachometer. A noncannulating electromagnetic 
flow transducer was placed around the ascending 
aorta to measure cardiac output (less coronary blood 
flow) using an electromagnetic flowmeter (Narco 
Biosystems, Houston, Tex.). Heparin (400 U/kg) was 
administered intravenously after surgery to prevent 
blood coagulation. 

Aortic pressure was measured with a Statham 
transducer (model P23ID; Gould, Cleveland, Ohio) 
and was averaged electronically. A permanent record 
of monitored hemodynamic parameters was obtained 
with a Gould recorder (model 2800S; Gould, Cleve- 
land, Chio). Systemic vascular resistance was com- 
puted by dividing mean aortic pressure by mean 
aortic blood flow. 
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Experimental Measurements 


Regional myocardial blood flow. Regional myocardial 
blood flow was measured with 15 + 3 um microspheres 
labeled with the yemitting radionuclides “Ce, "Cr, 
“Sc, Sr, and ‘Sn (New England Nuclear Corp., 
Boston, Mass.; 3M Company, St. Paul, Minn.). Before 
injection, the microspheres were dispersed in a solution 
of 10% dextran and were agitated in a vortex mixer and 
in an ultrasonic bath. Approximately 1 x 10° micro- 
spheres were administered for each flow determina- 
tion. The microspheres were flushed into the left atrium 
over 30 s with 5 mL of body-temperature isotonic saline 
solution. Administration of microspheres had no de- 
tectable effect on monitored hemodynamic parameters. 
Beginning simultaneously with each microsphere injec- 
tion, duplicate reference arterial samples were collected 
at a rate of 6 mL/min for 3 min through two cannulas of 
different lengths inserted into the aorta through the 
right femoral artery. Radioactivities of the duplicate 
reference samples differed by less than 10%, indicating 
adequate mixing of microspheres in the left ventricular 
output. Autologous blood obtained before the study 
was simultaneously infused during the reference sam- 
ple withdrawal to maintain isovolemic conditions. 

After the final injection of microspheres, the heart 
beat was stopped by intravenous injection of KCI and 
the heart was excised, trimmed of adipose tissue, 
valves and great vessels, and frozen to facilitate 
transmural sampling. Full-thickness myocardial sam- 
ples were obtained from the left and right ventricular 
artery free wall and interventricular septum. The 
samples from the left ventricular artery free wall and 
septum were cut into thirds transmurally and those 
from the right ventricular artery free wall into halves 
transmurally to yield regional samples. All myocar- 
dial samples contained in excess of the 400 micro- 
spheres required to ensure high-precision, low-error 
flow estimates (8). Each section was transferred to a 
tared counting tube. The myocardial and reference 
blood samples were weighed and analyzed for radio- 
activity with a gamma scintillation counter equipped 
with a multichannel analyzer (model 1282-002; LKB, 
Turku, Finland). Isotope separation was accom- 
plished by standard techniques of gamma spectros- 
copy. Values for myocardial blood flow (MBF in 
mL-min~'-100 g~") were calculated from the equation 


MBF = ABF x (MC/AC) x 100, 


where ABF is the rate of arterial reference sampling 
(mL/min), MC is microsphere radioactivity 
(counts-min™'-g~*) in the tissue samples, and AC is 
the total microsphere radioactivity (counts/min) in 
the arterial reference samples. Values for MBF within 
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each heart wall were averaged to compute a value for 
mean transmural blood flow. 


Myocardial oxygen consumption. A polyethylene 
cannula was positioned in the coronary sinus 
through the right jugular vein and the right atrium 
for collecting samples of venous effluent from the 
perfusion field of the left coronary artery. One- 
milliliter blood samples were simultaneously col- 
lected anaerobically from the aorta and the coronary 
sinus to determine the left coronary arteriovenous 
oxygen difference. Hemoglobin concentration and 
percent hemoglobin saturation of blood samples were 
measured with a CO-oximeter (model 482; Instru- 
mentation Laboratories, Lexington, Mass.) and were 
used to calculate oxygen bound to hemoglobin as- 
suming an oxygen carrying capacity for hemoglobin 
of 1.39 mL O,/g (9). The oxygen dissolved in the blood 
was computed (O, dissolved = 0.003 mL O,:100 mL 
blood~'-mm Hg~') and was added to the bound 
component to compute total oxygen content. 

Myocardial oxygen uptake (MVo,) (in mL-min™ 
100 g~*) was calculated from the Fick equation: 


MVo, = MMBEF x [(a — v)o> difference/100], 


1, 


where MMBF is the arithmetic mean myocardial 
blood flow for the left ventricular samples in each 
heart (mL-min™*-100 g~') and (a—v)o, difference is 
the coronary arteriovenous oxygen difference (vol %). 
Paired 1-mL blood samples were obtained from the 
aorta and coronary sinus and were analyzed for 
plasma lactate concentration using an enzymatic 
method (Paramax Analytical System, Baxter, Irvine, 
Calif.). These values were used to compute percent 
myocardial lactate extraction. 


Experimental Protocols 


Series 1. Phenylephrine-induced pressor response (n = 
12). The dogs were permitted to stabilize for at least 
30 min after surgical preparation before baseline 
hemodynamic measurements were obtained. Then 
phenylephrine (concentration, 40 ug/mL in saline 
solution) was infused at a rate of 2.8 ug-kg~*-min“1, 
which was sufficient to increase mean aortic pressure 
by approximately 50%. After attainment of steady 
state hemodynamic conditions during phenylephrine 
infusion (approximately 10 min), a second set of 
hemodynamic measurements was obtained. 


Series 2. Constant aortic pressure (n = 7). Increased 
aortic pressure itself influences coronary blood flow 
by raising coronary perfusion pressure and: by 
altering primary determinants of cardiac work de- 
mand, i.e., afterload and heart rate (1). To eliminate 
these complicating factors during phenylephrine in- 
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fusion, studies were performed with aortic pressure 
maintained constant. A 5CO0-mL glass reservoir was 
connected to the cannulated left subclavian artery 
with wide-bore tubing. Reservoir pressure was main- 
tained equal to mean acrtic pressure with com- 
pressed gas. During intravenous infusion of phenyle- 
phrine (2.8 ug'kg`t-min™t), vascular constriction 
caused blood to be translocated from the dog’s circu- 
lation to the reservoir, allowing aortic pressure to be 
maintained equal to control pressure. 

As in series 1, control measurements were ob- 
tained when monitored hemodynamic parameters 
were stable. Phenylephrine infusion was then initi- 
ated and subsequent measurements were obtained 
when reservoir volume peaked (approximately 
10 min), thus indicating that pressor mechanisms . 
were maximally activated. The average peak reservoir 


volume was 364 + 41 mL. Five dogs participating in 


both series 1 and 2 received duplicate phenylephrine 
infusions, with and without controlled pressure. In 
these dogs, the order of these conditions was varied 
to avoid experimental bias. At least 1 h was allowed 
for recovery from a phenylephrine infusion before a 
second infusion was initiated. 

Effects of phenylephrine were evaluated using the 
Student's t-test for paired samples (10). A P < 0.05 
was considered significant throughout this study. 


Results 
Series 1. Phenylephrine-Induced Pressor Response 


Phenylephrine infusion increased mean aortic pres- 
sure (+42%) and systemic vascular resistance 
(+65%), and decreased heart rate (—25%) and aortic 
blood flow (—17%) (Table 1). Aortic blood values 
were unchanged except that oxygen tension (Po) 
decreased modestly (Table 1). Myocardial blood flow 
increased by approximately 60% in left ventricular 
wall, right ventricular wall, and septum, without 
changing its transmural distribution (Table 2). The 
increase in blood flow in the left ventricular wall was 
proportional to the increase in myocardial oxygen 
consumption resulting in no change in the arteriove- 
nous oxygen difference, percent oxygen extraction, 
coronary sinus Po,, or coronary sinus oxygen satura- 
tion (Table 3). Lactate extraction also was not affected 
by phenylephrine infusion. 


Series 2. Constant Aortic Pressure 


With aortic pressure controlled, phenylephrine infu- 
sion decreased aortic blood flow (—25%) and increased 
systemic vascular resistance (+28%), whereas left ven- 
tricular dP/dt max and aortic blood values were con-: 
stant (Table 1). Myocardial blood flow decreased mod- 
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Table 1. Effect of Intravenous Infusion of Phenylephrine on Systemic Hemodynamic Parameters’ 
Increased MAP Constant MAP 
Control Phenylephrine Control Phenylephrine 
MAP (mm Hg) 107 +5 152 + 10° 106 + 4 105 + 5 
Heart rate (beats/min) 121 + 8 91 + 6° 115 +9 122 + 8 
Aortic blood flow (L/min) 1.8 + 0.2 1.5 + 0.1” 1.6 + 0.2 122 0.12 
LV dP/dt max (mm Hg/s) 1976 + 102 1908 + 106 1842 + 118 1758 + 96 
Systemic vascular resistance 
(mm Hg-L~?-min™?) 58 + 4 96 + 4° 72 + 10 92 + 10° 
Aortic blood values 
Po, (mm Hg) 228 + 40 189 + 38° 270 + 47 209 + 46 
Pco, (mm Hg) 37l 371 35tl 35 £2 
pH 7.40 + 0.01 7.38 + 0.01 7.41 + 0.01 7.40 + 0.01 
O, content (vol%) 21.0 + 0.7 21.5 + 0.7 21.1 + 0.8 20.7 + 0.8 
O, saturation (%) 96.2 + 0.5 95.6 + 0.9 97.0 + 0.7 96.0 + 1.5 
Hemaiocrit (%) 46 +2 47 +2 44+2 44+2 
Lactate (mEq/L) 1.7 + 0.2 1.9+0.2 1.4 + 0.2 1.6 + 0.2 


LV, left ventricular; MAP, mean aortic pressure; Po2, oxygen tension, Pco,, carbon dioxide tension; SVR, systemic vascular resistance. 
Values are mean + SE. 


"A 2.€-ug-kg~*-min7' infusion of phenylephrine was administered with MAP permitted to increase or held constant. 
’P < 0.5 from control values. 


Table 2. Effect of Intravenous Infusion of Phenylephrine on Regional Myocardial Blood Flows? 


Increased MAP Constant MAP 
Control Phenylephrine Control Phenylephrine 

Left ventricular wall 

Epicardium 59 + 6 95 + 7° 6947 57 + 4? 

Midmural 56 + 4 87 + 9° 60 + 6 53 + 5? 

Endocardium 62245 101 + 10° 65 +5 56 + 5° 

Mean 5945 94 + 8? 65 + 6 55 + 4° 

Endo/Epi J.1 + 0.1 EN eae Pa 0.9+0.1 1.0 + 0.1 
Right ventricular wall 

Epicardium 42 +6 68 + 10° 33 + 3 See as 

Endocardium 45 +7 73 + 11° 35 +4 3444 

Mean 43 + 6 71 + 10° 34 + 3 32 + 4° 

Endo/Epi 1.1 + 0.1 LL01 1.0 + 1.1 L101 
Septum 

Right ventricle 47 +5 73 = 12” 45 +7 40 + 5° 

Midmural 61+5 93 + 14° 59 +8 52 + 6 

Left ventricle 64 +6 99 + 13° 65+ 11 55 + 8° 

Mean 57 +5 88 + 13° 56 + 8 49 + 6? 

LV/RV 1.4 + 0.1 1.5 + 0.1 1.4 + 0.1 1.4 + 0.1 


MAP, mean aortic pressure; endo, endocardium; epi, epicardium; LV, left ventricle; RV, right ventricle. 
Values are mean + SE. 


*Phenylephrine was infused at a rate of 2.8 zg-ke~?-min~! with MAP permitted to increase or held constant. Blood flow was measured in mL-min~ 1-100 g~}. 
bP <).5 from control values. 


estly in all regions (left ventricular wall, —15%; right and oxygen content (—16%) (Table 3). Myocardial lac- 
ventricular wall, —6%; and septum, —13%) without tate extraction was unaffected. 

change in the transmural distribution of blood flow ` 
(Table 2). The decrease in left ventricular blood flow 
was accompanied by a reduction in myocardial oxygen 
consumption (—10%), which resulted in modest in- The increase in myocardial oxygen consumption 
creases in the arteriovenous oxygen difference (+5%) within the left ventricular wall during phenylephrine- 
and oxygen extraction (+6%) and modest decreasesin induced hypertension (series 1) indicated that the 
coronary sinus Po, (—10%), oxygen saturation (-15%), increase in cardiac work demand due to augmented 


Discussion 
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Table 3. Effect of Intravenous Infusion of Phenylephrine on Parameters of Left Ventricular Myocardial Oxygen 


Supply/Demand Balance’ 








Increased MAP Constant MAP 
Control Phenylephrine Control Phenylephrine 

Blood flow (mL-min7?-100 g~%) 59 +5 94 + 8? 65 + 6 55 + 4 
O, consumption (mL-min™?-100 g~') 8.2+ 0.4 13:2 291.5" 8.9 + 0.8 8.0 + 0.6° 
(a~v)O, difference (vol%) 14.3 + 0.9 13.9 + 0.6 14.1 + 0.9 14.8 + 2.0° 
Oxygen extraction (%) 67 +2 65 +1 67 + 3 71+ 3° 
Lactate extraction (%) 50 2:5 5643 5628 58 + 6 
Coronary sinus blood values 

Po, (mm Hg) 7j 29+ 1 2+1 26 + 1? 

Peco, (mm Hg) 52 2 DR 50 + 3 49 +2 

pH 7.33 + 0.01 7.33 = 0.01 7.32 + 0.02 7.35 + 0.01 

O, content (vol%) © 7.2+0.5 7.7 + 0.4 7.0 + 0.5 5.9 + 0.6 

O, saturation (%) 34 +3 35 +1 32+ 3 28 + 3° 

Lactate (mEq/L) 0.9 + 0.1 09+ 0.1 0.6 + 0.1 0.6 + 0.1 


MAP, mean aortic pressure; (a—v)O2, arteriovenous oxygen; Po, oxygen tension; Pco2, carbon dioxide tension. 


Values are mean + SE. 


“A 2.8-ye-kg~!-min~? infusion of phenylephrine was administered with MAP permitted to increase or held constant. 


bp < 0.5 from control values. 


afterload overrode the decrease due to the barorecep- 
tor-mediated reduction in heart rate (7), Myocardial 
blood flow increased in proportion to the increased 
oxygen consumption, which resulted in no change in 
oxygen extraction, coronary sinus Po, and oxygen 
saturation, or lactate extraction. These findings sug- 
gest that direct coronary vasoconstriction through the 
a,-adrenoreceptors did not impair maintenance of 
myocardial oxygen supply/demand balance by local 
metabolic mechanisms (1). 

Physical distention of coronary vessels probably 
contributed little to increased blood flow in the left 
ventricular wall during phenylephrine-induced pres- 
sor responses as the perfusion pressures attained 
were within the autoregulatory range in this region 
(11). However, this was likely not the case in the right 
ventricular wall where pressure-flow autoregulation 
is much less developed because of the greater ten- 
dency for distention of intracardiac coronary vessels 
to stretch the surrounding myocardial fibers, i.e., the 
so-called “‘garden-hose effect” (12). This effect in- 
creases cardiac performance secondary to a Frank- 
Starling mechanism, which augments myocardial ox- 
ygen demand leading to a metabolically mediated rise 
in blood flow. Previous findings demonstrating the 
effect of coronary perfusion pressure itself on blood 
flow in the right ventricular wall (12) suggest that the 
increase in perfusion pressure during phenylephrine 
infusion in series 1 was sufficient to account entirely 
for the rise in right ventricular blood flow. 

In contrast to the findings in series 1, Woodman 
and Vatner (13) demonstrated pronounced coronary 
vasoconstriction, as indicated by a relatively constant 
blood flow in the face of an approximate doubling of 
mean aortic pressure, during intravenous infusions 


of phenylephrine in conscious dogs pretreated with 
ganglionic (hexamethonium), B-adrenoreceptor (pro- 
pranolol), and muscarinic (atropine) antagonists. The 
accentuated coronary vasoconstrictor responses in 
the study of Woodman and Vatner were likely due to 
the combined influence of two factors: (a) absence of 
the depressive influence of general anesthesia on 
contractile activity of vascular smooth muscle (14), 
and (b) ability of propranclol to potentiate a-receptor- 
mediated coronary vasoconstrictor responses (15). 
With aortic pressure constant, phenylephrine in- 
fusion caused consistent but small (maximum 15%) 
decreases in myocardial blood flow indicating modest 
coronary vasoconstriction. In the left ventricular 
myocardium, this coronary vasoconstriction could 
not be attributed exclusively to a direct pharmaco- 
logic effect as myocardial oxygen consumption de- 
creased 10% presumably because venous return and 
cardiac output were reduced by displacement of 
blood into the extracorporeal reservoir (7). Metabolic 
mechanisms would be expected to reduce coronary 
blood flow in proportion to this reduction in myocar-. 
dial oxygen consumption (1). Thus, these mecha- 
nisms would account for a significant portion of 
decreased myocardial blood flow evident in series 2. 
The magnitude of the direct coronary vasoconstrictor 
effect is reflected in the degree to which phenyleph- 
rine caused an imbalance between myocardial oxygen 
supply and demand, i.e., in the increases in arterio- 
venous oxygen difference and in the resultant de- 
creases in coronary sinus Po, and oxygen saturation 
(1). The observed 5% increase in the arteriovenous 
oxygen difference is consistent with a very small 
direct coronary vasoconstrictor effect during phenyle- 
phrine infusion in the present study. It is noteworthy 
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that this direct constrictor effect did not reduce myo- 
cardial lactate extraction or convert it to production. 
This suggests that intramyocardial Po. was not de- 
creased sufficiently to stimulate anaerobic metabo- 
lism (16). 

The present findings under constant pressure con- 
ditions are consistent with previous investigations 
using different approaches to study direct coronary 
effects af a,;-adrenoreceptor agonists in anesthetized 
animals. Mark et al. (17) injected phenylephrine into 
an extracorporeal perfusion circuit providing blood 
simultaneously to the left circumflex, cranial tibia 
(paw), and gracilis (muscle) arteries of dogs anesthe- 
tized with chloralose-urethane. As blood flow was 
maintained constant with a pump, changes in perfu- 
sion pressure reflected changes in vascular resis- 
tance. Mark et al. demonstrated minimal increases in 
perfusion pressure in the coronary bed (6 + 
3 mm Hg) compared with the paw and muscle beds 
(131 + 16 and 83 + 8 mm Hg, respectively). Gwirtz 
and Stone (15) reported that intracoronary bolus 
injections of phenylephrine had no vasoconstrictor 
effects in pentobarbital-anesthetized dogs. Chilian et 
al. (18) found that intravenous infusions of norepi- 
nephrine (a combined a ;- and a,-agonist) with sys- 
temic hemodynamics controlled and f-adrenergic 
receptors blocked with propranolol caused heteroge- 
neous vasomotor responses within the epicardial 
coronary microcirculation of the pentobarbital- 
anesthetized cat as viewed by intravital microscopy; 
constriction occurred in arterial and arteriolar vessels 
greater than 100 um in diameter, whereas autoregu- 
latory dilation predominated in the smaller arteriolar 
vessels. The lack of norepinephrine effects on distal 
microvessels (in which approximately 50%-60% of 
total coronary resistance occurs [19]) is in keeping 
with the small direct vasoconstrictor effects of phe- 
nylephrine observed in series 2. 

The present study was performed using fentanyl- 
vecuronium anesthesia to simulate human intraoper- 
ative conditions (20). The additional pentobarbital 
was dictated by the exorbitant quantities of fentanyl 
alone required to achieve a stable anesthetic state in 
dogs (21). 

In conclusion, the present study demonstrated a 
direct vasoconstrictor action of phenylephrine in the 
coronary circulation that was weak and completely 
overridden by metabolic vasodilator factors in re- 
sponse to pressure-induced augmentations in cardiac 
workload. Although the present findings apply spe- 
cifically to the conditions of the present study, e.g., 
the fentanyl-pentobarbital-vecuronium—anesthetized 
dog with a normal heart, they suggest that the 
myocardium is not at risk when phenylephrine is 
used to treat hypotension intraoperatively as long as 
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cardiac function and coronary vasodilator reserve are 
adequate. 
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Hyperthermia from septic shock may be indistin- 
guishable from malignant hyperthermia. Dantrolene 
may be given in septicemia if the diagnosis is unclear. 
To determine if dantrolene is safe to use in sepsis, 
two studies were performed. In study 1, 18 anesthe- 
tized dogs in which profound septic shock was in- 
duced with 5 mg/kg of intravenous Escherichia coli 
endotoxin were randomized to receive (30 min later) 
intravenous injections of 10 mg/kg of dantrolene 
solution, the diluent of dantrolene, or maintenance 
intravenous fluids alone. The use of dantrolene solu- 
tion and the diluent of dantrolene resulted in similar 
but transient statistically significant increases in the 
cardiac filling pressures and cardiac outputs and 
decreases in the vascular resistances compared with 


mia (MH) requires early recognition and diag- 

nosis followed by prompt initiation of therapy 
including the intravenous administration of dan- 
trolene (1). Initial symptoms of MH include tachycar- 
dia, hyperventilation, skeletal muscle rigidity, fever, 
hypotension, and cyanosis after stress or the admin- 
istration of certain drugs used in anesthesia that can 
trigger an attack of MH (2). The clinical presentation 
of MH may be indistinguishable from that of septice- 
mia (3). Further confusion may arise when bactere- 
mia is present before surgery, or with the intraoper- 
ative production of bacteremia associated with 
drainage of an absess, infected kidney, or bowel 
manipulation. Determination of susceptibility to MH 
requires a muscle biopsy and halothane-caffeine con- 
tracture test (4). However, dantrolene must be ad- 
_ ministered early in an MH episode to be effective (1), 


, uccessful management of malignant hyperther- 
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the control dogs. In a second study, 185 rats were 
randomized into five equal groups. Groups 1, 2, and 
3 received 15 mg/kg of intraperitoneal Escherichia coli 
endotoxin followed 30 min later by 10 mg/kg of 
dantrolene solution, the diluent of dantrolene, or 
normal saline. Groups 4 and 5 received normal saline 
followed by dantrolene or normal saline. The survival 
of groups 1, 2, and 3 was less at 24 h (P < 0.0001) than 
that of either control group, but was not significantly 
different from one another. The results suggest dan- 
trolene can be administered safely under clinical 
conditions where the cause of hyperthermia and 
shock cannot clearly be ascriked to malignant hyper- 
thermia or septicemia. 

(Anesth Analg 1991;73:289-94) 


before muscle testing could possibly be performed. 
Thus, because the distinction between sepsis and MH 
is often difficult or impossible, it may be necessary to 
administer dantrolene in the presence of intraopera- 
tive hyperthermia without a definitive diagnosis of its 
cause (3). 

It has never been determined if the use of dan- 
trolene has any unrecognized adverse effects when 
septicemia is present. Experimental evidence sug- 
gests dantrolene acts intracellularly by inhibiting re- 
lease of calcium from the sarcoplasmic reticulum of 
skeletal muscle, thereby producing a marked reduc- 
tion in muscle contraction to electrical or pharmaco- 
logic stimulation without affecting action potential 
patterns (5). Dantrolene thus depresses the in vitro 
contractility of dog (6), rat (7), and cat (6) cardiac 
muscle as well as the diaphragm of the rat (7), while 
having no effect on the cardiovascular or respiratory 
systems of the intact dog at normal doses 
(<10 mg/kg) (8). In swine, intermediate doses of 
danirolene (7.5 mg/kg) have no adverse cardiovascu- 
lar effects (9), whereas larger doses (>9.9 mg/kg). 
cause severe myocardial depression (10). A distur- 
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bance of calcium homeostasis has also been impli- 
cated in the pathophysiology of septic shock (11-13). 
In addition, severe myocardial depression has been 
noted in human (14,15), rat (16), and canine (17,18) 
endotoxic shock. 

The purpose of this study was to determine if 
dantrolene is safe to administer in septic shock. The 
clinician, faced with a patient with fever and shock 
caused by MH or septicemia, may then better judge 
whether dantrolene should be given and know what 
effect dantrolene will have on a patient in septic 
shock. To help the clinician predict the acute hemo- 
dynamic and metabolic effects of the administration 
of dantrolene to a patient in septic shock, the hemo- 
dynamic and metabolic effects of dantrolene were 
studied in anesthetized dogs in profound endotoxic 
shock. To help determine the effect of dantrolene on 
mortality in patients with sepsis, the effect of dan- 
trolene on the 24-h survival of rats in endotoxic shock 
was studied. 


-Methods 
Study 1 


After obtaining animal care committee approval, 18 
mongrel dogs weighing 19.1 + 1.8 kg (sp) were 
randomly divided into three groups of six dogs each. 
After an overnight fast, each dog was anesthetized 
with 3G mg/kg of intravenous pentobarbital and par- 
alyzed with 0.1 mg/kg of pancuronium. Anesthesia 
and paralysis were maintained with the infusion of 
5 mg-kg~*-h~* of pentobarbital and 0.05 mg/kg of 
pancuronium every 2 h. All dogs also received 
10 mL/kg of lactated Ringer’s solution followed by 
4 mL-kg™t-h™t of lactated Ringer’s solution for main- 
tenance fluids, as well as 100 U/kg of heparin intra- 
venously to prevent clotting of blood in intravascular 
catheters. The trachea was intubated and the lungs 
were ventilated with a volume cycled ventilator 
(Siemens-Elema 900B servo) at a rate of 10 breaths/ 
min and an initial fraction of inspired O, of 0.3. Tidal 
volume was adjusted to maintain a partial arterial 
pressure of CO, between 35 and 45 mm Hg and the 
fraction of inspired O, was adjusted to maintain a 
partial arterial pressure of O, greater than 90 mm Hg. 
Arterial and venous catheters were placed in the right 
femoral vessels and advanced to the distal aorta and 
inferior vena cava. A 2-mm (inside diameter) feeding 
tube was inserted into the bladder. A balloon-tipped 
pulmonary artery catheter (Swan-Ganz catheter 
model 93A-131-7F, American Edwards Laboratory) 
was advanced into the pulmonary artery through the 
right external jugular vein. The position was con- 
firmed by intravascular pressure waveforms. Cardiac 
output was measured by the thermodilution tech- 
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nique with 5 mL of cold (<2°C) 5% dextrose in water 
solution at end expiration, taking the average of four 
measurements. Intravascular pressures were contin- 
uously measured and recorded with a Hewlett Pack- 
ard 7834C monitor and 78576A recorder. Arterial and 
pulmonary venous blood gas tensions and pH values 
were measured. Arterial and venous hemoglobin 
saturations were corrected for temperature and pH 
using the equations described by Rossing and Cain 
(19). 

Before endotoxin administration, the following 
baseline measurements were made in all dogs: mean 
arterial pressure, mean pulmonary artery pressure, 
pulmonary capillary wedge pressure, right atrial 
pressure, cardiac output, blood temperature, arterial 
and mixed venous oxygen tensions, serum levels of 
sodium, potassium, and chloride, pH, blood glucose 
levels, and hemoglobin and blood ionized calcium 
levels. Escherichia coli endotoxin (ET) (lipopolysaccha- 
ride W. E. coli 055:B5, Difco), 5 mg/kg, was injected 
intravenously over 1 min. Zero time (Tọ) was taken as 
the start of this injection. Measurements and labora- 
tory values were repeated 30 min after ET adminis- 
tration (T3,). Dogs in group S received maintenance 
fluids only. At T3, dogs in group D received 10 mg/kg 
of dantrolene sodium, 1.5 g/kg of mannitol, and 
30 mL/kg of sterile H,O with pH adjusted to 9.5 by 
sodium hydroxide (NaOH) over 30 min in five di- 
vided doses. Dogs in group M received 1.5 g/kg of 
mannitol and 30 mL/kg of sterile H,O with pH 
adjusted to 9.5 with NaOH in five divided doses over 
30 min. Measurements and laboratory values were 
then repeated at Téo Hemodynamic measurements 
were then repeated every 30 min and laboratory 
values every hour for the next 3 h. Total urine output 
was measured at T4 and the animals were killed. 

Stroke volume (SV), systemic and pulmonary vas- 
cular resistances, left (LVSW) and right (RVSW) ven- 
tricular stroke work, and oxygen delivery (O, del) 
and uptake (Vo,) were calculated by standard formu- 
las (20). Cardiac output, SV, LVSW, RVSW, O, del, 
and Vo, were referred to the weight of each dog. 

Statistical comparisons were carried out by one- 
way analysis of variance for between-group compar- 
isons with Bonferroni’s correction for multiple com- 
parisons and t-tests for paired data. Statistical 
significance was determined as P < 0.05. Results are 
expressed as mean + sD. 


Study 2 


After obtaining animal care committee approval, 185 
male Sprague-Dawley rats (BioLab, St. Paul, Minn.) 
weighing 350-450 g were randomly divided into five 
groups of 37 rats each. Animals in groups 1, 2, and 3 
were given a single intraperitoneal (IP) injection of 
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15 mg/kg of ET (lipopolysaccharide W. E. coli 055:B5, 
Difco) with a 23-gauge needle using sterile technique 
over a 15-s period. Animals in groups 4 and 5 (the 
control groups) were given the same volume of 0.9% 
saline instead of ET. Animals were then returned to 
their individual cages and allowed free movement 
and access to food and water. 

Thirty minutes after receiving the IP injection of 
either ET or saline, animals assigned to groups 1 and 
4 were given IP injections of dantrolene solution 
containing 10 mg/kg of dantrolene sodium, 1.0° g/kg 
of mannitol, and 20 mL/kg of sterile H,O with pH 
adjusted to 9.5 with NaOH. This solution of dan- 
trolene was more concentrated (0.5 vs 0.33 mg/mL) 
than commercially available dantrolene normally 
used for patients to allow for the IP injection of 
10 mg/kg without using excessive volumes. Animals 
assigned to groups 2 and 5 received IP injections of 
the same volume of 0.9% saline as controls. Animals 
assigned to group 3 received the diluent solution (M) 
of IP dantrolene containing 1.0 g/kg of mannitol and 
20 mL/kg of sterile H,O with pH adjusted to 9.5 with 
NaOH. 

Observations were repeated at 2, 4, 6, 12, and 24h 
after injection of either ET or saline. Animals were 
observed for activity level, alertness, respiratory rate, 
and stool quality to verity systemic illness. Survival 
was determined at 24 h after initial injections. 

Survival data for each group were compared with 
that of other groups using Gehan’s test. The level of 
statistical significance was P < 0.05. 


Results 
Study 1 


With ET administration, there were significant de- 
creases in the arterial pressures, cardiac filling pres- 
sures, and cardiac outputs in all three groups of dogs 
(Figures 1-3). With the administration of dantrolene, 
there was an immediate increase in the filling pres- 
sures, cardiac output, LVSW, and RVSW and a 
decrease in the systemic and pulmonary vascular 
resistances. Administration of the diluent solution 
(M) produced similar changes (Figures 1-3), and 
there were no significant differences in hemodynam- 
ics between the dantrolene and diluent solutions. The 
improvement proved transient with both dantrolene 
and diluent administration and by 1 h (T120) there 
were no significant differences in the hemodynamics 
among the three groups. 

Similarly, ET administration resulted in a signifi- 
cant decline in O, del in all three groups without 
changing Vo, significantly (Figure 4). Both dan- 
trolene and the diluent solution resulted in a tran- 
sient improvement in O, del without a significant 
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Figure 1. Mean arterial pressure (MAP), pulmonary capillary 
wedge pressure (PCWP), and right atrial pressure (RAP) in dogs 
given endotoxin at Tọ and then given maintenance fluids alone (S), 
dantrolene solution (D), or the diluent solution of dantrolene (M) . 
from Tag to Tgp. *P < 0.05 for M and D compared with S. 
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Figure 2. Cardiac output (CO), stroke volume (SV), and heart rate 
(HR) over time in the three groups of animals. Dogs given 
endotoxin at Tọ and then given maintenance fluids alone (S), 
dantrolene solution (D), or the diluent solution of dantrolene (M) 
from Ta to Teg. *P < 0.05 for M and D compared with S. 


change in Vo,. There also were no significant differ- 
ences in the temperatures among the three groups at 
any time interval, and ET administration did not 
result in a temperature elevation in any group (Figure 
5). 

The urine output of the dogs receiving dantrolene 


292 BEEBE ET AL. 
DANTROLENE IN SEPSIS 


SVR 
secrom `”) 
> hy (a) 
oi Cr 
oOo oO 
Oo © 


(dynes 





PVR 
(dynes*sacecm"5) 
> 
8 


O a e a a a aana n 
0 30 60 90 120 1680 180 210 2460 
Time (min) 


Figure 3. Left ventricular stroke work (LVSW), right ventricular 
stroke work (RVSW), systemic vascular resistance (SVR), and 
pulmonary vascular resistance (PVR) over time in the three groups 
of animals. Dogs given endotoxin at Ty and then given mainte- 
nance fluids alone (S), dantrolene solution (D), or the diluent 
solution of dantrolene (M) from Tag to Teg. *P < 0.05 for M and D 
compared with S. 
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Figure 4. Oxygen delivery (O, del) and oxygen uptake (Vo,) over 
time in the three groups of animals. Dogs given endotoxin at Ty 
and then given maintenance fluids alone (S), dantrolene solution 
(D), or the diluent solution of dantrolene (M) from Tag to Teo *P < 
0.05 for M and D compared with S. 


(109 + 112 mL) and diluent solution (188 + 135 mL) 
tended to be greater than that of the septic-alone 
group receiving maintenance fluids only (40 + 32 mL) 
but did not achieve statistical significance. 
Administration of ET resulted in a similar degree 
of acidosis and hyperglycemia in all three groups 
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Figure 5. Blood temperature over time in the three groups of 
animals. Dogs given endotoxin at Ty and then given maintenance 
fluids alone (S), dantrolene solution (D), or the diluent solution of 
dantrolene (M) from Tao to Teo. *P < 0.05 for M and D compared 
with 5. 


(Table 1). Administration of dantrolene solution or 
the diluent solution resulted in significant decreases 
in both the serum sodium (Na*) and total calcium 
(Ca). Ionized calcium (ion Ca) levels declined slightly 
with dantrolene administration, but no values were 
outside the normal range. In contrast, the serum 
potassium (K*) levels were higher after dantrolene 
administration than they were in the diluent and 
control groups. Hemoglobin concentration showed a 
steady increase after ET administration in the S 
group. Administration of dantrolene or the diluent 
solution resulted in a transient decline in the hemo- 
globin concentration at Teo in both groups. 


Study 2 


All rats in groups 1, 2, and 3 given ET showed clinical 
signs of sepsis. Within 30 min after IP injection of ET, 
rats became progressively lethargic and less inter- 
ested in their surroundings. More than half of the rats 
developed tachypnea (RR 100-130), and the majority 
had diarrhea. These findings are consistent with 
previously described patterns of sepsis in laboratory 
models (21,22). In contrast, the animals in groups 4 
and 5 that received saline instead of ET were all alert, 
active, and without tachypnea or diarrhea. 

There were no deaths after 24 h in the control 
groups 4 and 5 that did not receive ET (Figure 6). 
Survival rates in all three groups given ET were 
significantly worse than in the control groups (P < 
0.0001 for each of groups 1, 2, and 3 compared with 
groups 4 and 5). The 24-h survival of groups 1 (32%), 
2 (32%), and 3 (46%) were not significantly different 
from one another. 


Discussion 


Clinicians may be faced with the dilemma of whether 
to administer dantrolene to a patient with hyperther- 
mia when the cause of the fever could be septicemia 
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Table 1. Biochemical Data 
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Variable Group Tg Tao Teo Tiz Taig 
Na* (mmol/L) S 148 +4 144 + 3° 146 + 6 145 +5 145 +5 
D 147 + 2 143 + 2 124 + 2» 130 ar PLES 
M 148 + 3 146 + 5 130.3" w ee eae 139 + 6° 
K* (mmol/L) S 3.3 + 0.2 3.8 + 0.6 2.6 + 0.4 2.7+0.6° 3.5 + 0.6 
D 3.4 + 0.3 3.9+ 0.4 3.7 + 0.57 4.6 + 1,37 5.4 + 1.34 
M 3.4+ 0.3 4.0 + 0.7 3.1 + 0.4° 3.2 + 0.9% 3.7 + 1.0 
Total Ca (mg/dL) S 10.2 + 0.6 9.7 + 0.67 9.3+04 3.8 + 0.6 93 +09 
D 10.0 + 0.7 97 +07 7.8 + 0.8% 3.9 + 0.8% 8.4 + 0.9 
M 10.0 + 0.4 980.3 8.1 + 0.488: 9.0 + 0.6? 8.7 + 0.9? 
Ionized Ca (mmol/L) S 1.26 + 0.08 1.31 + 0.07° 1.28 + 0.09 1.25 + 0.08? 1.27 + 0.06 
D 1.21 + 0.05 1.20 + 0.06° 1.07 + 0.07% 1.10 + 0.09% 1.08 + 0.06" 
M 1.25 + 0.07 1.30 + 0.06 1.20 + 0.04° 1.25 + 0.06 1.22 + 0.05" 
pH units S 7.42 + 0.06 7.32 + 0.07" 7.19 + 0.05? 7.16 + 0.09" 7.22 + 0.10? 
D 7.42 + 0.04 7.29 + 0.08" 7.19 + 0.06" 7.18 + 0.06" 7.32 + 0.04 
M 7.40 + 0.03 7.24 + 0.07" 7.18 + 0.05° 7.18 + 0.07 7,23 + 0.10 
Glucose (mg/dL) S 93 + 23 159 + 21° 215 + 48° 147 + 46 104 + 18° 
D 94 + 12 163 + 36° 232 + 53° 168 + 51 97 + 51 
M 101 + 59 171 + 48 168 + 33 123 + 16 94 + 20° 
Hemoglobin (g/dL) S 11.7 + 2.4 12.6 + 2.5 14.0 + 2.0° 15.2 + 2.5? 15.4 + 2.8° 
D 13.7 + 1.0 16.5 + 1.6" 14.1 + 1.8 17.2 + 1.2 17.8 + 1.3 
M 12.0 + 2.2 15.9 + 2.9% 13.0 + 2.9% 15.3 + 2.9 16.2 + 3.3 


S, endotoxin + maintenance fluids; D, endotoxin + dantrolene solution; M, endotoxin + diluent solution of dantrolene. 


“P < 0.05 forT3, compared with To. 

bp < 0.05 for Teo, T 120) or Togo compared with To. 
eP < 0.05 for Dor M < S. 

ap < 0.05 for D > S or M. 

€P < 0.05 for D < Mor S. 
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Figure 6. Percent survival over time for rats given endotoxin 
followed by dantrolene (ET-DANT), saline (ET-SAL), or the diluent 


of dantrolene (ET-M) compared with percent survival of rats given 
saline followed by dantrolene (SAL-DANT) or saline (SAL-SAL). 


or MH (3). Dantrolene may be lifesaving in MH (1), 
but its effects in sepsis have not previously been 
studied. 

Our results suggest that dantrolene is safe to 
administer in sepsis. Dantrolene administration to 
dogs in profound endotoxic shock resulted in a 
significant but transient improvement of the cardiac 
filling pressures, cardiac output, SV, LVSW, and 
RVSW and a decrease in the systemic and pulmonary 
vascular resistances. The same transient improve- 


ment in cardiac performance was noted in all animals 
receiving the diluent solution, suggesting dantrolene 
itself resulted in no improvement or worsening of 
this artificial septic state. 

Administration of dantrolene or the diluent solu- 
tion resulted in a significant decrease in serum Na* 
and total Ca compared with the control animals. 
Dantrolene sodium has a low solubility, requiring a 
large volume of diluent solution to administer the 
drug. The decrease in serum Na” and total Ca in dogs 
given dantrolene or the diluent solution can be attrib- 
uted to the expansion of the intravascular volume 
with Na*-poor fluid. 

In contrast, the increase in serum K” in dogs 
receiving dantrolene was not present in the diluent or 
septic-alone group. Significant hyperkalemia after 
dantrolene administration has been reported in nor- 
mal dogs using pentobarbital/pancuronium anesthe- 
sia similar to our study and may be a complication of 
dantrolene administration peculiar to dogs (23). The 
hyperkalemia in normal dogs after dantrolene also 
has been previously associated with diminished Na‘, 
Ca, and ion Ca levels compared with controls as in 
our study (23). We found no evidence of cardiac 
depression or arrythmias from hyperkalemia, hypo- 
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calcemia, or hyponatremia associated with dan- 
trolene administration. 

Endotoxin administration in the rat resulted in 
profound shock with a 24-h mortality of 70% in this 
study. The addition of dantrolene or the diluent 
solution did not worsen the survival of the rats in 
septic shock. Neither the potential cardiac depression 
nor the depression of the contractility of the dia- 
phragm by dantrolene was significant enough to 
affect survival of the rats in this model. 

In summary, dantrolene administration in dog 
endotoxic shock resulted in a transient improvement 
in hemodynamics that was duplicated by the diluent 
solution. The improvement was accompanied, how- 
ever, by hyponatremia and hypocalcemia, probably 
resulting from the administration of Na*-poor fluid. 
Hyperkalemia was noted after dantrolene but may be 
a normal canine response to dantrolene administra- 
tion (23). Dantrolene did not worsen the mortality 
after sepsis in rats. Although humans are obviously 
different from the dog or rat models, the results 
suggest that dantrolene can be safely administered 
under clinical conditions where the cause of hyper- 
thermia cannot clearly be ascribed to MH or septice- 
mia. 
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Subanesthetic Concentrations of Volatile Anesthetics May 
Enhance Acquired Avoidance Training in ddN Mice 


Hisao Komatsu, MD, Tomoko Ohara, MD, Junko Nogaya, MD, Satoshi Yokono, MD, 


and Kenji Ogli, MD 


Department of Anesthesiology and Emergency Medicine, Kagawa Medical School, Ikenobe, Miki-cho, Kagawa, Japan 


The effects of halothane, enflurane, and isoflurane on 
avoidance training were assessed in male ddN mice. 
Animals were trained to escape an aversive uncondi- 
tioned stimulus (electric foot shock) within 3 s after 
being exposed to a conditioned stimulus (light and 
buzzer). Immediately after training (first session), the 
animals were exposed to halothane, enflurane, or 
isoflurane for 120 min and were then tested again on 
the avoidance task {second session) 30 min after 
cessation of the exposure. The performance ratios 
[B/A] (i.e., Ais the score in the first session, and B the 
score in the second) were compared between the 
‘anesthetic groups and their respective control 
groups. Performance ratios in the control animals 
([B/A]c) did not reach 100% except for those corre- 


nesthesia is a depressive state of the central 

nervous system; however, during the induc- 

tion of anesthesia a brief excitatory phase is 
often observed (1,2). In addition, transient patholog- 
ical neurologic signs during emergence from anesthe- 
sia have also been reported. Soliman and Gillies (3) 
drew attention to the appearance of muscle spasticity 
in nearly all patients during recovery from general 
anesthesia. Rosenberg et al. (4) observed that 29 
neurologically normal male patients anesthetized 
with halothane-nitrous oxide, enflurane-nitrous ox- 
ide, or nitrous oxide-narcotic experienced transient 
hyperreflexia and shivering during awakening from 
these anesthetics. The behavioral effects of commonly 
used inhaled anesthetics at subanesthetic concentra- 
tions have been described in human volunteers (5,6) 
and animals (7,8). The authors of these studies indi- 
cated that a variety of cognitive functions, including 
psychomotor ability, short-term tasks, and schedule- 
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sponding to the 0.5 and 1.0 MAC (minimal alveolar 
anesthetic concentration) halothane groups. Four of 
the nine performance ratios in the anesthetic groups 
([B/A]a) exceeded 1.0. [B/A]a exceeded [B/A]c by 
18.7% in the 0.25 MAC halothane group (P < 0.05), 
by 13.5% in the 0.31 MAC enflurane group (i.e., not 
significant), and by 17.3% in the 0.29 MAC isoflurane 
group (P < 0,01). [B/A]a/[B/A]c decreased dose- 
dependently for each anesthetic group. These results 
suggest that low concentrations of halothane, enflu- 
rane, and isoflurane may enhance the performance of 
ddN mice in acquired avoidance training performed 
30 min after anesthetic exposure. 

(Anesth Analg 1991;73:295~9) 


controlled behaviors, are altered at subanesthetic 
concentrations. The authors sought to determine the 
effects of inhaled anesthetics on an acquired avoid- 
ance task in ddN mice at 30 min after exposure to the 
anesthetic. 


Methods 


This study was approved by the Kagawa Medical 
School Animal Investigation Committee. Three hun- 
dred seventy-six male ddN mice ranging in age from 
8 to 12 wk were used. Their quarters were maintained 
at 24 + 1°C with light present from 6 aM to 6 PM. 
They were fed a standard laboratory animal diet 
and tap water ad libitum until the experiment was 
started. Each anesthetized mouse and its correspond- 
ing control mouse were littermates. Learning was 
tested with a training apparatus called a jump-box 
(Figure 1) (9). It was made of opaque plastic board 
(30 x 30 x 30 cm) with an electric grid floor of 8-mm 
brass rods, the centers of which were 30 mm apart. 
An escape net, 15 cm wide, was located 10 cm above 
the floor and ran completely around the inside of the 
walls. The conditioned stimulus consisted of a plain 
white light from a 60-W lamp and a tone from a 
buzzer (75 phon). Training consisted of exposing the 
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Figure 1. A schematic side view of the jump-box type avoidance 
training apparatus and a schedule of the training. The training 
consists of exposing the animal to the CS (conditioned stimulus; 
light and tone from a buzzer) for 3 s after which the UCS 
(unconditioned stimulus: the electric foot shock) is given concur- 
rently with the CS. The shock is 40 V AC and is given for up to 17 s 
through the grid floor. Both stimuli are removed when the mouse 
makes an escape response. Each trial is completed in 30 s. If 
avoidance training has been established, the animal jumps up and 
clings to the escape net before the onset of the UCS. See text for 
further elaboration. R, rest. 


animal to the conditioned stimulus for 3 s after which 
the unconditioned stimulus (UCS, the electric foot 
shock) was given concurrently with the conditioned 
stimulus. The shock was 40 V AC and was given, at 
most, for 17 s through the grid floor. Both stimuli 
were removed when the mouse made an escape 
response. The average time from the start of one trial 
to that of the next trial was 30 s. If the animal jumped 
up and clung to the escape net before the onset of 
the UCS, an avoidance response was judged to have 
occurred (9) and the trial was scored as 1.0 point. If 
jumping and the UCS occurred simultaneously, the 
trial was scored as 0.5 point. If the USC occurred 
before the animal had clung to the net, the trial was 
scored zero. Each animal was given 20 training trials 
in 10 min (the first session), and we regarded the total 
points in the last 10 trials as basal points ([A]). If 
[A] was less than six we omitted the mouse from 
further study, considering avoidance learning not to 
be established. Seven animals were eliminated in the 
present study. Trials of a control mouse and its 
corresponding anesthetized mouse were alternated 
at about 10-min intervals. The anesthetic group of 
mice inhaled an anesthetic in a 12-L plastic chamber 
with a CO, absorber for 2 h immediately after train- 


ANESTH ANALG 
1991;73:295-9 


AVOIDANCE TRAINING 


FIRST SESSION (20 TRIALS) 


ae ms 


ANESTHETIC GROUP CONTROL GROUP 


| 
ANESTHESIA 2H 

REST 2.5H 
RECOVERY 0.5H 


ee 


SECOND SESSION (10 TRIALS) 


Figure 2. Experimental procedure. The control mice were treated 
exactly the same as the animals that were given anesthetic. 


ing. This anesthetic chamber was very similar to the 
housing cage to reduce the effects of the environment 
on behavior. After 2 h of exposure to an anesthetic, 
the mice were transferred back to their cage and 
allowed to recover from anesthesia. Thirty minutes 
after exposure to an anesthetic, the mice were given 
another 10 trials of the task (the second session). 
After the first session, the control group of mice 
rested for 2 h without food or water, inhaling a 
5-L/min air flow in the 12-L plastic chamber. This was 
similar to the anesthetic chamber with a CO, ab- 
sorber. They were then transferred back to their 
housing cage and allowed to rest for 0.5 h until 
the second session was started. The total points in 
the second session were expressed as [B]. We com- 
pared the performance ratio [B/A] in the anesthetic 
group with that of the control group (Figure 2). All 
experiments were performed during the same period 
of day, from noon to 5 pm. The room temperature 
was maintained at 22 + 2°C throughout the experi- 
ment. To enable these studies to resemble double- 
blind experiments, avoidance training was performed 
by a technician with no knowledge about the anes- 
thetics. 

Through the vaporizer, the air-anesthetic gas 
mixture (5 L/min) entered the 12-L chamber at the 
low (0.25, 0.31, or 0.29 MAC of halothane, enflurane, 
or isoflurane, respectively), middle (0.5, 0.61, or 
0.59 MAC, respectively), or high (1.0, 1.23, or 
1.18 MAC, respectively) concentration of anesthetic. 
Using the rolling response data reported by Ogli et al. 
(10), we regarded concentrations of 0.97% halothane, 
1.63% enflurane, and 1.02% isoflurane as the MACs 
for ddN mice. Anesthetic concentration was contin- 
uously monitored using an infrared anesthetic gas 
analyzer (Normac). Intergroup comparisons of the 
performance ratio ([B/A]) were obtained by Student's 
t-test for unpaired data, with P < 0.05 considered 
significant. 
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Results 
Observation of Anesthetic Levels in ddN Mice 


In the low-concentration (0.25-0.31 MAC) groups of 
each anesthetic, mice increased their activity (run- 
ning around and jumping in the chamber) during the 
initial exposure to anesthetic (0-15 min), They be- 
came sedate after this period and continued to be 
sedate although with frequent short bouts of walk- 
ing. After the cessation of anesthetic, recovery from 
the sedate state was very rapid (within 10 s in most 
cases) and no abnormal behavior was observed when 
the second session was performed. 

In the middle-concentration (0.5-0.61 MAC) 
groups, mice were much more active during the 
initial exposure (0-10 min) than those in the low- 
concentration groups. After that period, some were 
deeply sedated although others were not. Some of 
them continued moving their tails and heads. All 
recovered quickly and no abnormal behavior was 
seen at the beginning of the second session. 

The high-concentration (1.0-1.23 MAC) groups of 
mice were rapidly anesthetized, usually within sev- 
eral minutes, and remained in an anesthetized state 
for the duration of their exposure to the anesthetic. 
After cessation of the anesthetic, most of the mice 
began to walk again within 20 min. Again, no abnor- 
mal signs were observed at the start of the second 
session. 


Performance Ratio in the Control Group ([B/A]c) 


Each [B/A]c, except for these corresponding to the 0.5 
and 1.0 MAC halothane groups, was below 100% 
(Table 1). - 


Performance Ratio in the Anesthetic Group ([B/A]a) 


In each concentration level of the halothane group 
and in the 0.29 MAC isoflurane group, [B/A]a ex- 
ceeded 100%. No [B/A]Ja exceeded 100% in the enflu- 
rane groups. [B/A]a decreased as the concentration 
increased in each anesthetic group (Table 1). 


Comparison of Performance Ratio in the Anesthetic 
Group ([B/A]a) With That of the Respective Control 
Group ([B/A]c) 


Each [B/A]a in the low-concentration group exceeded 
the [B/AJc of its control group: by 18.7% in the 
halothane group (P < 0.05), by 13.5% in the enflurane 
group (not significant), and by 17.3% (P < 0.01) in the 
isoflurane group. The ratio of [B/A]a to [B/A]c ([B/A]Ja/ 
[B/A]c) decreased with increasing anesthetic concen- 
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Table 1. Effects of Anesthetics on Acquired 
Avoidance Training 


Anesthetic 
concentration [B/A]c [B/A]a [B/A]a/[B/A]c 
(MAC) (%) n (%) n (%) 
Halothane 
0.25 94.6 £4.0 20 106.6 + 4.7 20 118.7 + 6.5° 
0.5 102.9 + 4.9 22 105.345.1 22 112.1 + 4.7 
1.0 101.7+2.9 35 1011442 35 1044+ 4.7 
Enflurane 
0.31 97.1442 18 983430 18 113.5 + 8.4° 
0.61 90.5 + 3.4 20 884+3.1 20 101.0 ż 5.6 
1.23 99.6 440 20 84.6241" 20 88.4 +6.7 
Isoflurane 
0.29 91.0 £3.2 18 103.4+3.8 18 117.3 + 7.4° 
0.59 90.2 + 4.0 20 9502+39 20 1081+ 5.6 
1.18 89.0 £46 15 8382+35 15 98.7 £3.4 


A, points for avoidance training in the latter half (10 trials) of the first 
session (20 trials); B, points for avoidance training in the second session (10 
trials); [B/A]c, B/A in control group; [E/A]a, B/A in anesthetic group. 

Values are mean + SEM. 

„Significant difference compared with control group (P < 0.05). 

Significant difference compared with high-concentration (~1 MAC) 
anesthetic group {P < 0.05). 
‘Significant difference compared with control group (P < 0.01). 
A ENFLURANE 
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Figure 3. The comparative ratio of the performance ratios of the 
anesthetic group to those in the control group ({B/A]a/[B/A]c) is 
shown as a percentage. Note that the ratio in the low-anesthetic- 
concentration group obviously exceeds its control group and that 
the comparative ratio decreases with increasing concentration of 
anesthetic. "Significant difference compared with the control group 
(P < 0.05). **Significant difference compared with the control 
group (P < 0.01) 


% CONTROL MEAN + SEM 


130 
C] HALOTHANE 






120 





tration, and the ratio in the low-concentration group 
significantly exceeded that in the high-concentration 
group (P < 0.05). There were no significant differ- 
ences among the MAC groups with similar concen- 
trations of the three anesthetics (Table 1, Figure 3). 


Discussion 


In a study assessing the effects of anesthetics on 
animal behavior, the control and anesthetic animals 
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should be of a uniform quality and should undergo 
the same conditions. However, animals have cyclic 
biorhythms such as the circadian rhythm and the 
ultradian rhythm. The former has a cycle of 24 h and 
the latter has a shorter cycle of 60-90 min in rats (11). 
Therefore, we paired littermates as control and anes- 
thetic animals and used a separate control group for 
each set of animals. Both the control and the anes- 
thetic animals were given avoidance training within 
12 min of each other. These considerations increased 
our confidence in the experimental results. 

The control animals tended to do less well on their 
second session when compared with the latter half of 
their first session. This may be partly due to sponta- 
neous memory decay during the resting time. Al- 
though the performance ratio in the control group 
([B/A]c) revealed some variability that may have 
resulted from different conditions (e.g., circadian 
-and/or ultradian rhythms, temperatures) (Table 1), 
we maintained our confidence in the results by ex- 
amining the control and anesthetic mice at nearly the 
same time. 

We cannot determine the exact concentration of 
anesthetic in the brain during the second session. In 
humans, after a 30-min recovery period, the residue 
alveolar anesthetic concentration of halothane may be 
roughly estimated as about 20% of that immediately 
preceding recovery from 2 h of inhalation, and this is 
likely to be reflected in the brain to some extent (12). 
The concentrations of enflurane and isoflurane are 
likely to be less than 20% because their solubilities 
are smaller than that of halothane under controlled 
ventilation (12). Recently, Litt et al. (13) reported that 
in living rats, after the 60-min inspired halothane 
concentration decreased to zero, the nuclear mag- 
netic resonance signal (halothane concentration) de- 
creased to 40% of its maximum value within 34 + 
8 min. An in vivo fluorine nuclear magnetic reso- 
nance study of isoflurane revealed a rapid decrease in 
the brain anesthetic signal to approximately 50% 
during the first 30 min after cessation of exposure in 
rabbits (14). 

Our results suggest that in ddN mice, 2-h exposure 
to low concentrations of anesthetic immediately after 
training improved the acquired avoidance training 
score performed 30 min after the anesthetic exposure. 
The improvement in training scores was about 
1.19 times, 1.14 times, and 1.17 times that of the 
control groups for the low-concentration groups of 
halothane, enflurane, and isoflurane, respectively. 
Wenger and Dews (8) studied the response of mice to 
the breaking of a light beam focused on a photocell 
that was programmed to produce food according toa 
multiple schedule with alternating 30-response fixed 
ratio, 300-s fixed interval (FR-30, FI-300 s) compo- 
nents (8). The first pattern, FR-30, requires 30 break- 
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ings of the light beam in succession to receive food. 
The second pattern, FI-300 s, is known as the pattern 
where the first beam break after a 300-s elapsed 
interval is reinforced with a reward of food. They 
found that the four agents (pentobarbital, d-amphet- 
amine, phencyclidine, and ketamine) produced an 
increase in the fixed interval response rate and that 
the maximum increases in the fixed interval average 
rates were 1.83, 1.25, and 1.32 times the control rate 
for d-amphetamine (1 mg/kg), ketamine (100 mg/kg), 
and phencyclidine (3 mg/kg), respectively. Pentobar- 
bital increased both the fixed ratio and fixed interval 
response rate to 1.25 times the control rate at a dose 
of 3 mg/kg. Garfield and Vivaldi (7) reported that a 
FI-5 min component in schedule-controlled behavior 
in rats showed no significant effect with halothane 
(<0.23%) or enflurane (<0.278%); however, they also 
indicated an increased tendency in responses at con- 
centrations of 0.115% halothane or 0.116% and 
0.175% enflurane. In a human study, a concentration 
of 50 ppm nitrous oxide + 1.00 ppm halothane 
improved a vigilance response (6). (The subject rec- 
ognizes a brief [1-2 s] change to a pattern of atrial 
fibrillation that is interposed among the normal elec- 
trocardiographic patterns.) Although Cook et al. 
could not confirm this report (5), these results seem 
to coincide with our data. Behavioral responses in 
these studies seem to be enhanced by low concentra- 
tions of anesthetics. Some drugs that stimulate the 
central nervous system facilitate learning and mem- 
ory (15). Moreover, our results suggest the possibility 
of enhancing memory retention by the administration 
of low concentrations of volatile anesthetics, given 
that diazepam induces a retrograde memory facilita- 
tion produced by interference reduction (16). We also 
cannot deny the possibility that introducing experi- 
mental animals to a new environment (inhaling an 
aversive smelling gas) might have had a stimulating 
effect, leading to enhanced performance. 

The comparative ratio of performance ratios in 
the anesthetic group to those in the control group 
((B/A]a/([B/A]c) decreased as the inspired anesthetic 
concentration increased. We supposed that this 
might be due to the residual sedative effect of higher 
anesthetic concentrations or be due to a presumed 
depressive effect on memory consolidation and/or re- 
tention and/or recall. Although, in our present study, 
we did not determine the recovery time of each animal 
from anesthesia, our preliminary study indicated that 
the order of the recovery time required to begin to walk 
was as follows: isoflurane < enflurane < halothane. Iso- 
flurane-anesthetized mice emerged more rapidly than 
the halothane-anesthetized mice. Nevertheless, the for- 
mer appeared to perform less well. This may partly be 
caused by the inhaling of relatively higher concentra- 
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tions of isoflurane than halothane and by the greater 
residual analgesic action of isoflurane than that of 
halothane (17). Isoflurane may mitigate the pain from 
the electric foot shock and thus reduce the improve- 
ment in the avoidance training. Additionally, enflu- 
rane-anesthetized mice tended to perform poorly com- 
pared with isoflurane- or halothane-anesthetized mice. 
This also may be explained by the high analgesic 
potency of enflurane (17). 

In summary, 2 h of exposure to low concentrations 
of halothane, enflurane, and isoflurane immediately 
after training may enhance acquired avoidance train- 
ing performed after a 30-min recovery period. This 
may result from a central nervous system-stimulating 
effect of low concentrations of volatile anesthetics. 


The authors thank Nobuko Kimura for assistance in the experi- 
ments. 
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sweating Threshold During Isoflurane Anesthesia 


in Humans 


Daniel I. Sessler, MD 


Department of Anesthesia, University of California, San Francisco, California 


Isoflurane anesthesia in humans markedly decreases 
the threshold temperature triggering peripheral ther- 
moregulatory vasoconstriction (i.e., central tempera- 
ture triggering vasoconstriction). However, it is not 
known whether the sweating threshold remains un- 
changed (e.g., near 37°C), decreases along with the 
vasoconstriction threshold, or increases during anes- 
thetic administration. Accordingly, the hypothesis 
that isoflurane anesthesia increases the thermoregu- 
- latory threshold for sweating was tested. Forehead 
sweating was evaluated in five healthy patients given 


perthermia can be defined in terms of thresholds 

(central temperatures triggering protective ac- 
tions) (1). In anesthetized, paralyzed patients, only 
cutaneous vasoconstriction and nonshivering ther- 
mogenesis are available defenses against hypo- 
thermia. Halothane (2), isoflurane (3-5), and fen- 
tanyl-nitrous oxide (6) anesthesia inhibit central 
thermoregulatory peripheral cutaneous vasoconstric- 
tion. Although nonshivering thermogenesis is an 
imporiant source of metabolic heat in anesthetized 
infants (Bissonnette B, Sessler DI, unpublished data), 
oxygen consumption does not increase in hypother- 
mic adults (7). 

Anesthetized patients may respond to hyperther- 
mia with active vasodilation and sweating. From the 
vasoconstriction data, it was not possible to deter- 
mine whether the sweating threshold remained un- 
changed (e.g., near 37°C), decreased along with the 
vasoconstriction threshold, or increased during anes- 
thetic administration. However, sweating is rarely 
observed at the normal or hypothermic central tem- 
peratures typical during surgery. Therefore, the hy- 
pothesis that the thermoregulatory threshold for 


JR eter responses to hypothermia and hy- 
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isoflurane anesthesia. The sweating threshold was 
prospectively defined as. the distal esophageal tem- 
perature at which significant sweating was first ob- 
served. Sweating was observed in each patient at a 
mean central temperature of 38.3 + 0.3°C and an 
end-tidal isoflurane concentration of 1.1% + 0.2%. 
The interthreshold range (difference between vaso- 
constriction and sweating thresholds) without anes- 
thesia is ~0.5°C; isoflurane anesthesia increases this 
range to ~4°C. 

(Anesth Analg 1991;73:300-3) 


sweating is elevated by isoflurane anesthesia was 
tested. 


Methods 


With approval from the Committee on Human Re- 
search of the University of California, San Francisco, 
the sweating threshold was measured in five ASA 
physical status I patients scheduled for peripheral 
microvascular surgery. None was obese, was taking 
medication, or had a history of thyroid disease, 
dysautonomia, Raynaud’s syndrome, or malignant 
hyperthermia. 

Without any preanesthetic medication, anesthesia 
was induced using 4-5 mg/kg of thiopental and up to 
500 ug of fentanyl. Rapid-sequence tracheal intuba- 
tion with cricoid pressure was facilitated by intrave- 
nous administration of 100 mg of succinylcholine. 
Anesthesia was maintained with isoflurane (1%-1.4% 
end-tidal concentration) in oxygen, and the patients’ 
lungs were mechanically ventilated to maintain end- 
tidal CO, at 35-40 mm Hg. 

Respiratory gases were administered via a partially 
rebreathing circle system. Gas concentrations were 
quantified using a mass spectrometer (Medspect, St. 
Louis, Mo.) or a Datex Capnomac end-tidal gas 
analyzer (Datex Medical Instrumentation, Tewks- 
bury, Mass.). The Capnomac analyzer was calibrated 
using a known mixture of gases before each study. 
Airway humidification was provided by placing a 
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heat and moisture exchanger between the Y-piece of 
the circle system and the endotracheal tube. Approx- 
imately 1 L of room-temperature lactated Ringer’s 
solution was administered during each anesthetic 
study. Isoflurane and fluid administration were ad- 
justed to maintain systolic arterial blood pressure 
near 100 mm Hg. 

To increase peripheral blood flow and to facilitate 
microvascular repairs, the surgeons in each case 
requested that central temperature be increased to 
38°-39°C. A full-length Bair Hugger cover (Augustine 
Medical, Eden Prairie, Minn.) was placed directly 
over each patient, then covered with a cotton blanket. 
The cover was inflated using a model 200 Bair Hugger 
warmer set on “high.” We have previously demon- 
strated that this system transfers ~50 W across the 
skin surface and will raise mean body temperature 
~1.5°C/h (8). The patient’s entire head remained 
exposed to the ambient environment, which was 
maintained near 23°C. 

Central temperature was measured in the esopha- 
gus using Mon-a-Therm model 6500 thermometers 
(St. Louis, Mo.); the thermocouple probe was incor- 
porated into a disposable esophageal stethoscope and 
positioned at the distal end of the range of maximal 
heart sounds. Distal escphageal temperature corre- 
lates well with tympanic membrane temperature (9). 

At 10-min intervals (starting after induction of 
anesthesia), forehead sweating was qualitatively 
evaluated: a sweating grade of 0 was assigned when 
no moisture could be detected, a grade of 1 when 
some moisture was detected, and a grade of 2 when 
distinct beads of sweat were visible. The forehead 
was swabbed dry using a gauze pad immediately 
after each sweating evaluation. Sweating was evalu- 
ated on the exposed forehead because sweating in- 
tensity may be increased slightly by local cutaneous 
warming (10,11). 

Grade 2 sweating was prospectively defined as 
significant, and the central temperature at which 
significant sweating was detected was considered the 
thermoregulatory threshold for sweating. All data are 
presented as mean + standard deviations. 


Results 


The mean age of patients was 46 + 15 yr, and weight 
74 + 11 kg. During induction of anesthesia, patients 
were given 338 + 138 mg (range, 200-500) of sodium 
thiopental and 163 + 236 ug (range, 0-500) of fenta- 
nyl. 

Grade 2 sweating was observed in each patient 
235 + 126 min (range, 120-430) after induction of 
anesthesia at a central temperature of 38.3 + 0.3°C 
(range, 38.0-38.7). At that time, the end-tidal isoflu- 
rane concentration was 1.1% + 0.2% (range, 1.0-1.4) 
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and the end-tidal CO, partial pressure was 37 + 
2mm Hg. 


Discussion 


Thermoregulatory responses can be modeled using 
the engineering terms threshold and gain. The thresh- 
old for a particular regulatory effector is defined as 
the central temperature triggering that response. 
Gain quantifies the intensity of the response as cen- 
tral temperature further deviates from the triggering 
threshold (1). The difference between the tempera- 
tures triggering responses to hypothermia (e.g., 
vasoconstriction, shivering) and hyperthermia (e.g., 
active vasodilation, sweating) is called the interthresh- 
old range. Temperature changes within the inter- 
threshold range are probably easily detected by the 
thermoregulatory system (12) but do not provoke 
physiologic responses. In normal, unanesthetized 
individuals, this range is only ~0.5°C (13). 

The patients in this study started to sweat at a 
central temperature of 38.3 + 0.3°C while receiving 
1.1% + 0.2% isoflurane. This increase in the sweating 
threshold was caused by an isoflurane concentration 
known to decrease the threshold triggering vasocon- 
striction by ~3.3°C (3). Thus,- the interthreshold 
range increased from ~0.5°C to ~4°C. Within this 
range, anesthetized patients will be poikilothermic; 
their central temperatures will vary as a result of 
redistribution of heat within the body and alterations 
in metabolic heat production and heat loss to the 
environment. However, thermoregulatory responses 
during 1.1% isoflurane anesthesia will occur at cen- 
tral temperatures above 38.3 + 0.3°C or below 
O37 | 

Isoflurane anesthesia caused a considerably 
smaller increase in the sweating threshold than de- 
crease in the threshold for vasoconstriction 
(-3.1°C/% isoflurane) (3). Teleologically, an aggres- 
sive sweating response is appropriate because hyper- 
thermia is more dangerous than comparable hypo- 
thermia. Similar asymmetrical widening of the 
interthreshold range is typical in animals given chlo- 
ralose-urethane, ethanol, pentobarbital, and mor- 
phine (14-20). Sweating was commonly observed 
during hyperthermic surgery (in tropical environ- 
ments, before air-conditioning was available) and 
usually limited central temperatures to =39°C (21). 

Isoflurane anesthesia does not impair the intensity 


of thermoregulatory vasoconstriction (once triggered) 


(3,5). Although this study did not quantify intensity 
(i.e., gain) of the sweating response, the intensity 
was high and the onset easily detected. Despite being 
covered by a warmer transferring ~50 W across the 
skin via convection and radiation (8), the patients’ 
central temperatures either remained constant or 
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decreased after sweating started. Effective hyperther- 
mia prevention is consistent with the observation that 
weli-hydrated, unanesthetized humans in a dry, con- 
vective environment can lose five times their basal 
metabolic rates by sweating (13). (Shivering, in con- 
trast, usually only doubles basal heat production 
[22,23].} It is such evaporative heat loss that allows 
humans to live safely at ambient temperatures ex- 
ceeding 37°C. 

Sweating during anesthesia can indicate inade- 
quate anesthetic depth. However, the patients partic- 
ipating in this study appeared well-anesthetized (us- 
ing blood pressure, heart rate, and absence of 
movement as criteria). The MAC of isoflurane in- 
creases only ~5%/°C central body temperature (24); it 
is therefore unlikely that sweating resulted from 
inadequate anesthesia. Thiopental and fentanyl are 
short-acting drugs and probably did not significantly 
increase the sweating threshold more than 2 h after 
they were administered. None of the drugs used in 
these patients is likely to directly inhibit the postgan- 
glionic, cholinergic, sympathetic nerves that mediate 
thermoregulatory eccrine sweating (25). 

All the patients in this study were young and 
relatively healthy; it is likely that sweating thresholds 
differ at the extremes of age and in patients with 
severe systemic illness. Sweat production is normally 
a function of both central and skin-surface tempera- 
ture (10,11,26). The threshold during isoflurane an- 
esthesia may, therefore, be higher when skin temper- 
ature remains relatively low. However, we have 
previously demonstrated that the sweating threshold 
also is ~38°C during rewarming by cardiopulmonary 
bypass in patients given high-dose opioids (27). 

In summary, isoflurane anesthesia in humans 
markedly decreases the threshold temperature trig- 
gering peripheral thermoregulatory vasoconstriction 
(i.e., central temperature triggering vasoconstric- 
tion). However, it is not known whether the sweating 
threshold remains unchanged (e.g., near 37°C), de- 
creases along with the vasoconstriction threshold, or 
increases during anesthetic administration. Accord- 
ingly, the author tested the hypothesis that isoflurane 
anesthesia increases the thermoregulatory threshold 
for sweating. Forehead sweating was evaluated in 
five healthy patients given isoflurane anesthesia. The 
sweating threshold was prospectively defined as the 
distal esophageal temperature at which significant 
sweating was first observed. Sweating was observed 
in each patient at a mean central temperature of 
38.3 + 0.3°C and an end-tidal isoflurane concentra- 
tion of 1.1% + 0.2%. The interthreshold range (dif- 
ference between vasoconstriction and sweating 
thresholds) without anesthesia is ~0.5°C; isoflurane 
anesthesia increases this range to ~4°C. 
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Effects of Volatile Anesthetics on Response to 
Norepinephrine and Acetylcholine in Guinea Pig Atria 
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The in vitro chronotropic and inotropic effects of 
norepinephrine and acetylcholine in isolated right 
and left guinea pig atria were examined in the ab- 
sence and presence of halothane, isoflurane, and 
enflurane (0.6 and 1.2 MAC). All three anesthetics 
elicited dose-dependent reductions in contractile 
force and spontaneous pacemaker activity. The max- 
imal developed tension observed in the presence of 
norepinephrine was not altered by the anesthetics 
and corresponding EDs, values increased only in the 
presence of 1.2 MAC halothane and 1.2 MAC isoflu- 
rane. The anesthetics did not affect (a) the maximal 
positive chronotropic effect of norepinephrine, (b) the 
ED;, values for its positive chronotropic effect, and 


any volatile anesthetics promote arrhyth- 

mias induced by sympathomimetic drugs. 

This event, often termed “myocardial sensi- 
tization” to catecholamines (1), can be elicited in 
humans and intact animals (2-7) by anesthetics that 
are not considered to be arrhythmogenic by them- 
selves. A study in humans indicates that the arrhyth- 
mogenic effect of catecholamines is increased most by 
halothane, less by isoflurane, and least by enflurane 
(2). In contrast to this well-documented sensitization 
observed in vivo, an anesthetic-induced enhance- 
ment of responsiveness to catecholamines has not 
been clearly demonstrated in isolated myocardial 
preparations (8). Does this myocardial sensitization 
actually occur in the heart, or is it possibly mediated 
by extracardiac actions of the anesthetics such as 
effects on the sympathetic nervous system? Further- 
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(c) acetylcholine-induced negative inotropic and 
chronotropic actions and did not induce arrhythmic 
activity even in the presence of the maximally effec- 
tive neurotransmitter concentrations. These findings 
indicate that in isolated guinea pig atria volatile 
anesthetics, in concentrations up to 1.2 MAC, do not 
alter the inotropic and chronotropic effects of norep- 
inephrine or acetylcholine and do not induce arrhyth- 
mogenic action in the presence of the neurotransmit- 
ters. These data suggest that altered atrial 
responsiveness to adrenergic or muscarinic stimula- 
tion does not contribute to the development of anes- 
thetic-induced cardiac arrhythmias. 

(Anesth Analg 1991;73:304-9) 


more, recent data indicate that an increase in vagal 
tone protects against catecholamine-halothane- 
induced ventricular fibrillations in dogs (9), and that 
volatile anesthetics affect muscarinic receptor/ 
G-protein coupling (10). This information suggests 
that the interaction of these anesthetics with cholin- 
ergic stimulation of the heart also needs to be consid- 
ered as a possible mechanism of myocardial sensiti- 
zation to catecholamines. 

The present study was undertaken to examine the 
effects of the three most commonly used volatile 
anesthetics on (a) dose-dependent actions of norepi- 
nephrine and acetylcholine and (b) the occurrence of 
arrhythmias in atrial preparations isolated from 
guinea pig hearts in vitro. Experiments established 
dose-response curves for inotropic and chronotropic 
effects of the two neurotransmitters in the absence 
and presence of 0.6 and 1.2 MAC halothane, isoflu- 
rane, or enflurane. 


Methods 


After approval of this study had been received from 
the institutional animal care and use committee, male 
Hartley guinea pigs (250-300 g) were killed and their 
hearts were excised and immediately perfused from 
the aorta with Krebs-Henseleit solution containing 
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119 mM NaCl, 25.0 mM NaHCO, 4.7 mM KCI, 
1.2 mM MgCl, 1.8 mM CaCl, and 11.1 mM glucose. 
This solution was maintained at 37°C and saturated 
with 95% O,/5% CO,, resulting in a pH of 7.4. After 
all detectable blood was washed from the heart, left 
and right atria were dissected from the heart and 
suspended separately in water-jacketed muscle baths 
(37°C) containing the Krebs-Henseleit solution de- 
scribed. Left atria (n = 36) were used to measure force 
of isometric contraction; they were maintained at a 
resting tension (preload) of 1.0 g (resulting in ~95% 
of the force developed at optimal preload) and paced 
at 3.3 Hz by 0.2-ms square-wave pulses set 50% 
above threshold voltage. Right atria (n = 36) were 
used to measure sinoatrial-nodal pacemaker activity; 
the rate of spontaneous (nonpaced) contractions was 
monitored by means of a tachograph using signals 
from force-displacement transducers (preload 0.5 g). 
All signals were continuously recorded on a poly- 
graph (model 7-D; Grass, Quincy, Mass.), which 
allowed observation of possible occurrence of ar- 
rhythmias. A stabilization period of 60 min was 
allowed before atria were challenged by various 
agents. During this equilibration period, the bathing 
solution was exchanged at 15-min intervals. In exper- 
iments using acetylcholine, nadolol (1 x 107” M), a 
B-adrenergic antagonist, was added to the physio- 
logic salt solution to minimize effects of catechol- 
amines possibly released from the tissue (11). Ethyl- 
enediamine tetraacetic acid (1 x 107° M) was added 
in all experiments to minimize neurotransmitter deg- 
radation (12). In the concentrations used, neither 
nadolol nor ethylenediamine tetraacetic acid changed 
spontaneous rate or force development of the isolated 
guinea pig atria. 

Left and right atria were used to monitor the 
effects of volatile anesthetics on the inotropic and 
chronotropic actions of norepinephrine and äcetyl- 
choline. The effects of the two neurotransmitters 
were examined separately, in six left and six right 
atria each, in the absence and presence of two con- 
centrations of a single anesthetic. When using norep- 
inephrine, atria were first exposed for 4 min to a 
single (desensitizing) concentration of the agonist 
(1 x 107° M); norepinephrine was removed from the 
tissue bath by repeated washings, and 30 min later, 
when developed tension and spontaneous rate had 
returned to control values, cumulative dose-response 
curves were obtained; each succeeding dose of nor- 
epinephrine was added only after preparations had 
reached a steady-state response to the preceding 
concentration. After completion of dose-response 
curves, riorepinephriné was washed from the tissue 
bath. Next, one of the volatile anesthetics (halothane, 
enflurane, or isoflurane) was admixed (using stan- 
dard anesthetic vaporizers; Ohio Medical Products, 
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Madison, Wis.) to the O,/CO, gas mixture saturating 
the physiologic salt solution. Anesthetic concentra- 
tions of the gas mixture delivered to, and in the gas 
phase immediately above the bath solution, were 
continuously measured with an anesthetic agent 
monitor (AAM 222; Puritan-Bennett, Wilmington, 
Mass.) that was calibrated daily with calibration gases 
of the chosen anesthetic (Scott Medical Products, 
Plumsteadville, Pa.). Atrial preparations were ex- 
posed for 30 min in random order to each of two 
anesthetic concentrations (0.6 and 1.2 MAC for 
guinea pigs [13]) before baseline values were re- 
corded and norepinephrine dose-response curves 
were established. Preparations were then allowed to 
recover from the anesthetic (30-35 min), and a final 
norepinephrine dose-response curve was obtained. 
There were no significant differences between dose- 
response curves obtained before (controls) and after 
(recovery) exposure to the volatile agents. A similar 
protocol was used to establish cumulative acetylcho- 
line dose-response curves with the exception that 
previous exposure to a single large (desensitizing) 
dose was not needed to obtain consistent control and 
recovery dose-response curves for this agent. 

Acetylcholine chloride and d,/-norepinephrine hy- 
drochloride were purchased from Sigma Chemical 
Co. (St. Louis, Mo.). Halothane was purchased from 
Halocarbon Laboratories (Hackensack, N.J.), and en- 
flurane and isoflurane were obtained from Anaquest 
(Madison, Wis.). All other chemicals were reagent 
grade. Fresh stock solutions of norepinephrine and 
acetylcholine were prepared daily using 0.01 N HCl 
as diluent. Administration of diluent alone (vehicle 
controls) did not change the pH of the tissue bath 
solution nor did it elicit any noticeable effect on left 
atrial force development or right atrial spontaneous 
rate. 

Data were statistically evaluated by analysis of 
variance with individual mean values being com- 
pared by Duncan’s multiple range test. P-values 
smaller than 0.05 were the criterion for significance. 
Data are presented as mean + sEM. EDs, values for 
norepinephrine and acetylcholine were obtained 
graphically for each individual experiment. 


Results 


Figure 1 shows the effects of halothane, isoflurane, 
and enflurane on the positive inotropic action of 
norepinephrine in isometrically contracting guinea 
pig left atria paced at 3.3 Hz. All three anesthetics 
elicited dose-dependent reductions in developed ten- 
sion as reported previously (14). However, they had 
little effect on the action of norepinephrine. Maximal 
contractile force observed in the presence of norepi- 
nephrine was not altered by the anesthetics. The 
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Figure 1. Effects of halothane (HAL), isoflurane (ISO), and enflu- 
rane (ENF) on the positive inotropic action of norepinephrine in 
isometrically contracting guinea pig left atria {n = 6 for each 
anesthetic). Preparations were suspended in Krebs-Henseleit 
buffer (37°C) and paced at 3.3 Hz. Dose-response curves were 
obtained by cumulative addition of norepinephrine before (open 
symbols) and after a steady-state response to each level of anesthetic 
had been established (filled symbols: solid lines represent 0.6 and 
dashed lines 1.2 MAC, respectively}. Symbols indicate means and 
vertical bars indicate sem (not visible when smaller than symbols). 


norepinephrine dose-response curves tended to shift 
rightward, and corresponding EDs, values increased 
(Table 1); however, these changes reached statistical 
significance only with 1.2 MAC halothane and iso- 
flurane. 

Interactions between volatile anesthetics and the 
chronotropic effects of norepinephrine are shown in 
Figure 2. Halothane (top panel), isoflurane (middle), 
and enflurane (bottom) reduced spontaneous right 
atrial pacemaker rate in the absence and in the 
presence of norepinephrine. EDs, values for the pos- 
itive chronotropic effect of norepinephrine were not 
affected (Table 1). 

The negative inotropic effects of acetylcholine in 
left atrial muscle were also compared in the presence 
and absence of the three anesthetics (Figure 3). Ace- 
tylcholine-induced changes in contractile force were 
not significantly altered by any of the volatile agents, 
as indicated by the absence of a shift in the dose- 
response curves as well as the lack of significant 
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Table 1. ED; Values for Norepinephrine and 
Acetylcholine Obtained in Guinea Pig Left Atrial and 

Right Atrial Muscle Preparations Suspended in Krebs- 
Henseleit Buffer (pH 7.4 at 37°C) 


ED (1077 M) 
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NE ACh 
Anesthetic LA RA LA RA 

Halothane 

0.0 MAC 5.0 + 0.4 61211 2520.7 47+1.0 

0.6 MAC 5.2 + 0.5 72415 19+04 40+1.2 

1.2 MAC 11.3216 882413 222+04 44+1.1 
Isoflurane 

0.0 MAC 6.6 + 0.7 43+06 522411 59225 

0.6 MAC 7.7 + 0.5 3.7405 6321.7 4541.3 

1.2 MAC 8420.7 41205 76413 6342.2 
Enflurane 

0.0 MAC 6.1 + 1.2 4940.5 78212 49+1.7 

0.6 MAC 9.5 + 2.1 6421.2 6020.7 3.74 1.4 

1.2 MAC 7.6 + 1.5 58+0.8 622+1.3 48+41.3 


MAC, minimum alveolar anesthetic concentration; NE, norepinephrine; 
ACh, acetylcholine; LA, left atria; RA, right atria. 

Left atria were contracting isometrically at 3.3 Hz, and right atria were 
beating spontaneously. Anesthetic levels are given in MAC values for 
guinea pigs. Values are mean + SEM (n = 6 each). 

Significantly different (P < 0.05) from values observed at 0 MAC. 


changes in ED.) values (Table 1). Similarly, the neg- 
ative chronotropic actions of acetylcholine remained 
unchanged in the presence of the three anesthetics 
(Figure 4 and Table 1). 

In none of the guinea pig left or right atrial 
preparations were arrhythmias observed before, dur- 
ing, or after exposure to any of the anesthetics. 
Furthermore, neither in the absence nor in the pres- 
ence of these anesthetics was arrhythmic activity 
observed in any of the atria when norepinephrine or 
acetylcholine dose-response curves were established. 


Discussion 


Volatile anesthetics such as halothane, enflurane, 
and isoflurane are generally not considered to pos- 
sess appreciable arrhythmogenic properties (15). 
However, “sensitization” of the myocardium to cat- 
echolamine-induced arrhythmias has been quantified 
in animals (5-7,16-18) as well as in humans (2-4). 
Many of these studies in intact organisms indicate 
that arrhythmogenic doses of epinephrine are signif- 
icantly reduced in the presence of anesthetics. In 
isolated cardiac preparations, however, myocardial 
sensitization by hydrocarbon anesthetics has not 
been clearly demonstrated. Flacke and Alper (8) stud- 
ied chronotropic actions of norepinephrine in the dog 
heart-lung preparation. They found no significant 
differences in the positive chronotropic responses to 
norepinephrine in the presence or absence of 
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Figure 2. Effects of halothane (HAL), isoflurane (ISO), and enflu- 
rane (ENF) on the positive chronotropic action of norepinephrine 
in guinea pig right atria (n = 6 for each anesthetic). Preparations 
were suspended in Krebs-Henseleit buffer (37°C). Dose-response 
curves were obtained by cumulative addition of norepinephrine 
before (open symbols) and after a steady-state response to each level 
of anesthetic had been established (filled sumbols: solid lines repre- 
sent 0.6 and dashed lines 1.2 MAC, respecti ively). Symbols indicate 
means and vertical bars indicate SEM (not visible when smaller than 


symbols). 


halothane and reported that no arrhythmias were 
observed. Stowe et al. (19), on the other hand, found 
that halothane reduced by a factor of 20 the dose of 
epinephrine necessary to induce a 50% incidence of 
arrhythmic events in isolated perfused guinea pig 
hearts. Reynolds and coworkers (17,18) performed a 
multilevel study using intact animals, isolated hearts, 
and Purkinje fibers. In isolated canine Purkinje fibers 
(17), they found that halothane-induced slowing of 
impulse conduction was significantly more pro- 
nounced in the presence of epinephrine. In isolated 
cat Langendorff heart preparations perfused with 
halothane and epinephrine (18), ventricular arrhyth- 
mias were observed only when the afterload was 
raised to levels that markedly elevated left intraven- 
tricular pressure. The investigators interpreted these 
observations as an indication that ectopic foci were 
induced secondary to stretch of latent pacemaker 
fibers, thus demonstrating the importance of intra- 
ventricular pressure as an arrhythmogenic factor. In 
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Figure 3. Effects of halothane (HAL), isoflurane (ISO), and enflu- 
rane (ENF) on the negative inotropic action of acetylcholine in 
isometrically contracting guinea pig left atria (n = 6 for each 
anesthetic). Preparations were suspended in Krebs-Henseleit 
buffer (37°C) and paced at 3.3 Hz. Dose-response curves were 
obtained by cumulative addition of acetylcholine before (open 
symbols) and after a steady-state response to each level of anesthetic 
had been established (filled symtols: solid lines represent 0.6 and 
dashed lines 1.2 MAC, respectively). Symbols indicate means and 
vertical bars indicate sem (not visible when smaller than symbols). 


intact dogs that were given epinephrine infusions 
either before or after induction of halothane anesthe- 
sia, the combination of halothane with epinephrine 
lead to the loss of sinus node dominance and an 
associated shift of pacemaker activity to the atrioven- 
tricular junctional area (18). The investigators attrib- 
uted this finding to differential effects of the 
halothane-epinephrine combination on sinoatrial- 
nodal versus atrioventricular junctional fibers. A 
unique and interesting experimental design by Hash- 
imoto et al. (20) combined the intact animal (dog) and 
isolated cardiac preparations (canine papillary muscle 
and sinoatrial node) in one simultaneous perfusion 
circuit. In this experimental setting, halothane sensi- 
tized the ventricle of the donor dog to the arrhyth- 
mogenic effects of norepinephrine (producing ven- 
tricular arrhythmias and sometimes ventricular 
fibrillation) while having no effect on responses to 
norepinephrine in the isolated cardiac preparations. 

Information concerning the mechanisms by which 
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Figure 4. Effects of halothane (HAL), isoflurane (ISO), and enflu- 
rane (ENF) on the negative chronotropic action of acetylcholine in 
guinea pig left atria (n = 6 for each anesthetic). Preparations were 
suspended in Krebs-Henseleit buffer (37°C). Dose-response curves 
were obtained by cumulative addition of acetylcholine before (open 
symbols) end after a steady-state response to each level of anesthetic 
had been established (filled symbols: solid lines represent 0.6 and 
dashed lines 1.2 MAC, respectively). Symbols indicate means and 
vertical bars indicate sem (not visible when smaller than symbols). 


volatile anesthetics affect autonomic nervous system 
activity is limited (3,21). Reports on volatile anesthes- 
tic-induced changes in circulating plasma catechol- 
amine levels are contradictory (15); norepinephrine 
levels have been reported to increase (22,23), remain 
unchanged (24), or decrease (25). Catecholamines 
exert most of their cardiac effects by stimulating 
B,-adrenoceptors, thus elevating intracellular cyclic 
‘adenosine monophosphate levels (among other 
changes) and increasing calcium channel activation 
which enhances the slow inward calcium current and 
increases sarcoplasmic reticular calcium uptake (26). 
Even though there is little evidence supporting a 
direct link between cellular B-adrenergic mechanisms 
and anesthetic-induced myocardial sensitization to 
catecholamines, there is apparently a close correla- 
tion between arrhythmogenic doses of epinephrine 
and a-adrenoceptor stimulation in intact animals 
(16,27). 

The possible role of acetylcholine in anesthetic- 
induced arrhythmogenic action has been minimally 


ANESTH ANALG 
1991;73:304-9 


examined. One of the major effects of acetylcholine is 
to increase membranal potassium conductance via 
muscarinic receptor stimulation (28). This increase in 
membranal potassium conductance may cause hyper- 
polarization of myocardial cells and contribute to a 
reduced spontaneous pacemaker frequency by low- 
ering the phase 4 slope of the action potential of 
sinoatrial pacemaker cells. Acetylcholine also short- 
ens the effective refractory period of atrial muscle 
fibers (29) and slows impulse conduction in the 
atrioventricular node, probably by reducing slow 
inward calcium current (26). These effects of acetyl- 
choline could promote the occurrence of various 
cardiac arrhythmias. Muscarinic stimulation can also 
antagonize myocardial actions of -adrenergic ago- 
nists by diminishing stimulated adenylate cyclase 
activity (30). Radioligand binding studies in rat brain- 
stem suggest that volatile anesthetics interfere with 
muscarinic receptor/G-protein coupling (10). Further- 
more, halothane affects cholinergic tone by depress- 
ing synaptic transmission at multiple sites, including 
possible effects on presynaptic acetylcholine release 
or the sensitivity of postsynaptic muscarinic receptors 
to acetylcholine (31). Alterations in parasympathetic 
cardiac stimulation or responsiveness may change 
the arrhythmogenic effect of sympathetic stimulation. 
In fact, work by Waxman et al. (9) demonstrates that 
catecholamine/halothane-induced ventricular fibrilla- 
tion is antagonized by vagal stimulation. The present 
study indicates that in isolated atria none of the three 
volatile anesthetic agents has an appreciable influ- 
ence on postsynaptic or cellular cholinergic actions, 
thus suggesting that direct myocardial responsive- 
ness to cholinergic action is probably not involved in 
the anesthetic-induced alteration of catecholamine 
effects observed in the intact organism. These data do 
not, however, rule out changes in vagal nerve activ- 
ity. 

Even though significant discrepancies exist in the 
outcome of the various investigations described 
(which may, at least in part, be attributable to species 
differences), the majority of the data appears to 
indicate. that the cardiac sensitization to catechol- 
amines observed in vivo is difficult to reproduce in 
isolated myocardial preparations. Similarly, the re- 
sults of the current study show that in clinically 
relevant concentrations (0.6 and 1.2 MAC) none of 
the three commonly used volatile hydrocarbon anes- 
thetics (halothane, isoflurane, and enflurane) altered 
the direct responses of guinea pig atria to norepi- 
nephrine or acetylcholine, nor did any of these anes- 
thetics induce arrhythmogenic activity even in the 
presence of neurotransmitter concentrations that elic- 
ited maximal inotropic or chronotropic responses in 
vitro. These findings support the contention that 
alterations in cardiac muscle responsiveness to direct 
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adrenergic or cholinergic stimulation are unlikely to 
contribute significantly to the increased cardiac sus- 
ceptibility to arrhythmias observed in the presence of 
anesthetics in vivo. The current results do not rule 
out, however, the possibility that (a) direct effects of 
the anesthetics on specialized tissues, such as the 
atrioventricular node or the His-Purkinje system, 
may predispose the heart to arrhythmogenic actions, 
elicited by adrenergic or cholinergic simulation, and 
that (b) volatile anesthetics may interact in vivo with 
extracardiac factors that promote autonomic nervous 
system effects on the heart or enhance the arrhyth- 
mogenic potential of existing adrenergic and/or vagal 
tone. 


The authors thank William B. Hardwick for excellent assistance in 
preparation of the illustrations. 
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To define the effect of aging on the pharmacokinetics 
of volatile anesthetics, we determined the end-tidal 
and mixed expired anesthetic concentrations of iso- 
flurane, enflurane, halothane, and methoxyflurane 
during 30 min of simultaneous administration and for 
5-12 days of elimination in seven healthy young 
patients (31 + 1.8 yr [mean + sEM]) and in 11 healthy 
aged patients (73.2 + 3.1 yr [mean + SEM]). A 
five-compartment mammillary function was fit to the 
end-tidal and mixed expired anesthetic elimination 
data simultaneously using ordinary least-squares 
analysis. We assumed the compartments to represent 
the following tissue groups: lungs and pulmonary 
capillary blood (Vj), vessel-rich tissues (i.e., liver, 
heart, kidneys, and brain) muscle, an unidentified 
fourth compartment, perhaps fat adjacent to well- 


the pharmacokinetics of volatile anesthetics (1). 

Such a change in kinetics is of interest because 
elderly patients are a growing segment of the surgical 
population. They are subject to a greater incidence of 
disease and a lower reserve of vital organ function, 
and may be more susceptible to depression from 
anesthesia (2). Total body weight and lean body mass 
decrease with aging (3), whereas the percentage of 
body fat (4,5) and the solubility of anesthetics in 
tissues (6) increase. These factors should increase the 
apparent volume of distribution in the elderly, espe- 
cially for anesthetics markedly soluble in fat. Addi- 
tionally, decreased hepatic function (1) together with 
decreased pulmonary gas exchange (secondary to 
lower metabolic rate) (3) may decrease anesthetic 


| everal reasons suggest that aging should affect 
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perfused tissues, and fat tissues. The tissue volumes 
and perfusions estimated for these compartments 
approximated values from the literature. In general, 
the volume of the fourth and fifth compartments 
increased with age, and perfusion to the second and 
fifth compartments decreased with age. Aging de- 
layed anesthetic elimination and increased the appar- 
ent volume of distribution at steady state. These 
observations are compatible with decreased tissue 
perfusion and an increase in the ratio of fat/lean body 
weight in the elderly. Our mammillary analysis de- 
scribed the behavior of less soluble anesthetics such 
as isoflurane well, but that of highly soluble anesthet- 
ics such as methoxyflurane less well. 

(Anesth Analg 1991;73:310-8) 


clearance with age. Finally, decreased cardiac output 
in the elderly decreases tissue perfusion, increases 
tissue time constants, and may be associated with an 
altered regional distribution of anesthetics. For these 
reasons, we compared the pharmacokinetics of four 
volatile anesthetics in young and aged patients. 


Methods 


With prior approval from the Committee on Human 
Research at the University of California at San Fran- 
cisco and written informed consent, we studied 18 
healthy (ASA physical status I or II) patients. The 
aged patients, two men and nine women, were 
73.2 + 3.1 yr old (range 59-87 yr) and weighed 72.7 + 
2.9 kg (mean + sEM). The young patients, three men 
and four women, were aged 31 + 1.8 yr (range 
24-37 yr) and weighed 65.2 + 3.0 kg (mean + SEM). 
Patients in both groups had uneventful surgeries for 
various lower abdominal operations. Detailed meth- 
odology for the present study was reported previ- 
ously (7), as were the hybrid rate constants, estimates 
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of metabolism from mass balance, and anesthetic 
recovery data from the seven young patients (7). 

After premedication with morphine and diaze- 
pam, anesthesia was induced with 24 mg/kg of 
thiopental and 2-5 g/kg of fentanyl. Pancuronium or 
vecuronium was used as needed to facilitate endo- 
tracheal intubation and to maintain muscle relax- 
ation. Ventilation via a nonrebreathing circuit was 
adjusted to maintain a normal end-tidal partial pres- 
sure of carbon dioxide as confirmed by mass spec- 
trometry. 

After establishment of normocapnia, the inspired 
gas was changed from 100% O, to 65%-70% NO, 
balance O,. Inspired and end-tidal N,O concentra- 
tions were measured by mass spectrometry. After 
30 min of equilibration, the end-tidal partial pressure 
of N.O reached 98.0% of the inspired partial pres- 
sure. Isoflurane (0.365% + 0.009%), enflurane 
(0.568% + 0.020%), halothane (0.232% + 0.009%), 
and methoxyflurane (0.0658% + 0.0085%), each at 
approximately 0.3 MAC, were then added to the 
stream of N,O for exactly 30 min. To minimize any 
impact of the second gas effect, the inspired concen- 
tration of NO was decreased by 5% (i.e., to 60%- 
65%) concurrent with introduction of the potent 
inhaled anesthetic agents. After 30 min, administra- 
tion of the potent inhaled agents was discontinued, 
and anesthesia was maintained for the duration of 
the operation with fentanyl, thiopental, and 60%- 
65% NO. 

During the 30-min administration period, gas sam- 
ples were obtained for determination of the fractional 
concentration of anesthetic inspired (Ft), in the alve- 
oli (Fa) (i.e., end-tidal gas), and in mixed expired 
gases (Fm). Fr samples were collected proximal to the 
nonrebreathing valve. Fa samples were collected 
through a catheter with the tip placed near the 
tracheal end of the endotracheal tube. The endotra- 
cheal tube was connected to the nonrebreathing valve 
with a length of flexible Teflon tubing with an inter- 
nal volume of approximately 100 mL. We used Teflon 
to minimize the absorption and release of anesthetic 
that occur with plastics such as polyethylene, and the 
additional 100 mL of dead space prevented the con- 
tamination of Fa samples with inspired gas. Expired 
gases were conducted via flexible Teflon tubing to an 
aluminum mixing chamber, and Fm samples were 
drawn distal to this chamber. All gas samples were 
collected in 50-mL glass svringes, which were stored 
upright (to produce a slight positive pressure) until 
analyzed. 

To define the pharmacokinetics of the potent vol- 
atile anesthetics during administration, end-tidal (Fa) 
samples were collected during administration at the 
first five breaths after the start of administration and 
subsequently at 0.75, 1, 1.5, 2, and 3 min. Fa and Fi 
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samples were collected at 5, 7, 10, 20, and 30 min. Fr 
samples were not collected during the first 3 min for 
logistic reasons; instead, the Fr values measured at 
10, 15, and 20 min were averaged, and this value was 
used as the Fr for the first 3 min. Because of delayed 
washin of the mixing chamber, adequate Fm samples 
could not be obtained during the first 3 min. Values 
for Fm during this interval were estimated by the 
following formula, using the measured or calculated 
values for Fa and Fi and assuming a constant rela- 
tionship between Fa, Fm, and Fi: 


FM = fAFA + fDFI, 


where fa equals the fractional alveolar ventilation and 
fp equals the fractional dead-space ventilation. fa and 
fp are the average values calculated from the 10-, 15-, 
and 20-min samples using this same formula. That is, 
1 — fa was substituted for fp and the equation solved 
for fa, then 1 — fp was substituted for fa and the 
equation solved for fp. 

During elimination (i.e., after administration of the 
anesthetic vapors was discontinued), we drew sam- 
ples for FA and Fm determination at the same inter- 
vals used during the 30 min of administration. Sam- 
ples were drawn subsequently at approximately 40, 
50, 60, 75, 90, 105, 120, 150, 200, 400, 600, 800, 1200, 
and 2700 min and then once a day for 3-10 days. 
Minute ventilation (VE) was measured at these sam- 
pling times using a water-seal spirometer. To ensure 
that the inspired concentration of the four anesthetics 
was zero, the delivery and expiratory tubing were 
changed at the start of elimination. Similarly, samples 
taken after the first 2-4 h of elimination were col- 
lected in “fresh” glass syringes that had not been 
used to draw samples at the higher anesthetizing 
concentrations. The sampling protocol was inter- 
rupted briefly at the end of surgery and during 
extubation. Gas samples were not collected after 
extubation until the patients were awake enough to 
cooperate. These samples were obtained with the 
patients breathing through a mouthpiece and a low- 
resistance nonrebreathing valve connected by Teflon 
tubing to a mixing chamber. Noseclips were used to 
prevent breathing through the nose when the mouth- 
piece was used. 

To separate and detect isoflurane, enflurane, 
halothane, and methoxyflurane in the gas samples, 
we used a dual-column gas chromatograph (Tracor 
model 550). Each column was composed of 10% SF 96 
on Chromasorb WHP, 68/80 mesh, 0.32 cm X 6.1 m. 
A stream of nitrogen carrier gas was delivered at 
45 mL/min through the column to a flame ionization 
detector at 200°C, which was supplied by hydrogen at 
40 mL/min and by air at 280 mL/min. One column 
was maintained at 30°C and was used to separate 
isoflurane, enflurane, and halothane, which had re- 
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tention times of 3, 3.5, and 5 min, respectively. The 
second column was kept at 65°-70°C and was used to 
separate methoxyflurane from the other three anes- 
thetics. Results for each anesthetic were recorded 
separately on a dual-channel strip recorder. Peak 
heights were proportional to anesthetic concentration 
over the entire range of concentrations studied. Cal- 
ibrations using secondary (tank) standards were ob- 
tained at regular intervals during each study. 

The ratio of Fa to Fi (Fa/F1) was used to define the 
administration of anesthetic. The ratio of Fa to Fa, 
(Fa/Fay) was used to define the elimination of anes- 
thetic. Fay is the alveolar concentration of anesthetic 
immediately before discontinuation of anesthetic ad- 
ministration. Multiexponential (multicompartment) 
functions of the form 


H 


Aj 
ae 1— ~Lit 
> p ie") 


i=] 


and 


i? 
> Ae 
ja 


were fit to the administration and elimination data, 
respectively, using least-squares analysis (BMDP sta- 
tistical package [8]). The 18 patients x 4 anesthetics 
yielded a total of 72 data sets. We fit equations 
(models) with successively more exponents (inter- 
preted as compartments) to each data set. The func- 
tion having the greatest number of compartments 
(highest n) that significantly decreased the residual 
sum of squares from the function having one less 
compartment (n — 1) was considered to provide the 
“best fit” (P < 0.05, F-test, [9]). 

Hybrid time constants (1/L;) were determined for 
each compartment. The effect of age on the hybrid 
time constants was assessed using linear regression 
(10,11). We used a t-test to determine if the slope of 
each regression differed significantly from 0. 

Mammillary rate constants were determined for 
each Gata set using a five-compartment mammillary 
model (Figure 1) (BMDP ordinary least-squares re- 
gression analysis [8]). This model was fit simulta- 
neously to the logarithm of the concentration of 
anesthetics in the end-tidal gas (Fa) and the loga- 
rithm of the rate of excretion of the anesthetics 
through the lungs for each of the young and elderly 
patients. Fitting both the administration and elimina- 
tion data simultaneously enabled us to determine the 
rate constant for the metabolism of the anesthetics 
through the second compartment. Five differential 
equations were used to describe the rate of change of 
the concentration of anesthetic in each compartment. 
A Fortran subroutine incorporating a differential 
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Figure 1. The five-compartment model shown in this schematic 
was used in the mammillary analysis of our data for isoflurane, 
enflurane, halothane, and methoxyflurane. Rate constants kg and 
kə represent the elimination of anesthetic by exhalation and 
metabolism, respectively. Rate constants k; represent the rate of 
intercompartmental transfer of anesthetics. 


equation solver was used to integrate the differential 
equations (12). These data analyses yielded estimates 
of the volume of the central compartment, the elim- 
ination rate constants (k,, and kọ), and the intercom- 
partmental transfer rate constants (k,, and k,,, where 
j = 2, 3, 4, 5) (see Figure 1). We modeled anesthetic 
elimination from two sites: the central compartment 
(lungs, k,)) and the second compartment (vessel-rich 
group or liver, k). Similar analyses of our data using 
a four- or six-compartment mammillary function pro- 
duced a statistically inferior fit as determined by the 
F-ratio test (9). 

We used mammillary rate constants to estimate 
tissue perfusions and volumes for each of the kinet- 
ically defined compartments. For the purposes of this 
calculation, we speculated on the physiologic identity 
of each kinetic compartment and used the known 
tissue/blood and tissue/gas partition coefficients for 
each anesthetic for each tissue group. We assumed 
that the first compartment was the pulmonary func- 
tional residual capacity, lung tissue volume, and 
pulmonary capillary blood volume. We assumed the 
second and third compartments were the vessel-rich 
group and muscle group, respectively, and the fourth 
and fifth compartments were fat. To estimate blood 
flow (mL-100 mL tissue~’-min™'), we multiplied the 
corresponding mammillary rate constant (i.e., kj, 
where j = 2,...,5) by the known tissue/blood 
partition coefficient (6,13) and by 100. To estimate 
tissue volume, we multiplied the volume of the 
central compartment (V,) by the ratio of the corre- 
sponding ingress and egress mammillary rate con- 
stants [i.e., k/k; (where j = 3, 4, 5) and kjyo/(ko9 + 
k»,)] for the vessel-rich tissues and divided the result 
by the tissue/gas partition coefficient (6) appropriate 
to each tissue. We used linear regression analysis to 
determine the effect of age on each of the resulting 
tissue perfusion and volume estimates (10). 
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The total body clearance of each anesthetic was 
calculated by dividing the total dose of anesthetic 
administered by the area under the alveolar admin- 
istration and elimination curves. We estimated the 
area under the curve for the plot of alveolar concen- 
tration (y-axis) versus time (x-axis) using the trape- 
zoidal rule. Elimination of anesthetic from the last 
data point on the curve until time infinity was extrap- 
olated by taking the ratio of the last alveolar concen- 
tration of anesthetic and the estimate of the terminal 
hybrid rate constant. We used a linear regression 
analysis of the resulting clearance estimates to deter- 
mine the effect of age on each (10). 

We compared our estimates of the tissue volumes 
for the fifth compartment (assumed to be fat) derived 
from the mammillary rate constants against an inde- 
pendent estimate of body fat derived from anthropo- 
metric measurements. The latter were derived using 
measures of skinfold thickness as described by Dur- 
nin and Womersley (14). Skinfold thickness was 
measured in triplicate at four different locations (bi- 
ceps, triceps, subscapular, and suprailiac). The sum 
of the average of these measurements for each patient 
was then substituted into the appropriate (for sex and 
age) linear equation to arrive at the estimate of total 
body fat volume. We used linear regression analysis 
(10) to compare the kinetic estimate of fifth- 
compartment volume (assumed to be fat) determined 
from mammillary rate constants with the volume of 
fat estimated by anthropometric measures for each 
volatile anesthetic. 

Finally, we calculated the volume at steady state 
for each volatile anesthetic for young and old patients 
using the mammillary rate constants and the follow- 
ing formula: 


k k ką k 
vas =vi(14 1 a a +), 


ka tko ka ka ks 
where Vd,, is the apparent volume at steady state 


and k,, and kj are the corresponding mammillary 
rate constants. We used a linear regression analysis to 


correlate the volume at steady state for each anes- - 


thetic with age and with fat volume as estimated from 
anthropometric measurements. 


Results 


The alveolar anesthetic concentration increased dur- 
ing administration in inverse proportion to the solu- 
bility of each anesthetic in the blood (Figure 2). In 
contrast, alveolar anesthetic concentration during 
elimination decreased coincidentally for all four an- 
esthetics unrelated to solubility (Figure 3). The termi- 
nal elimination rate was similar for all four anesthet- 
ics and linear for all patients. After 24 h, the rate of 
anesthetic elimination slowed for the aged patients 
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Figure 2. The rise in the ratio of alveolar to inspired anesthetic 
concentration (Fa/F1) for the aged group of patients (n = 11) 
follows the course predicted from solubility and perfusion. Values 
are mean + SEM. 


1.0 


0.01 
Fa/Fao 










OF are 
SSNs Uy Methoxyflurane 
~~ *% 
0.001 sotan 7 7 
Halothane == 
% 
~$ 
0.0001 
i 1 2 3 4 5 


DAYS 


Figure 3. The decline in the anesthetic concentration for the aged 
patients is plotted as the ratio of the alveolar concentration (FA) to 
the alveolar concentration when anesthetic administration ceased 
(Fa0) (n = 11). Values are mean + SEM. 


compared with young patients. Results for isoflurane 
and halothane are typical of all four anesthetics and 
are shown in Figure 4. Similar results obtained for 
enflurane and methoxyflurane are not pictured here 
because they overlie the other two curves and ob- 
scure the result. 
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Figure 4. Elimination of halothane and isoflurane from aged and 
young patients. The decline in anesthetic concentration is ex- 
pressed as the ratio of alveolar concentration at a given time (FA) to 
the alveolar concentration when administration ceased (Fa0) (n = 
11 in aged group, n = 7 in young group). Values are mean + SEM. 


Alveolar elimination data for 65 of 72 data sets 
(4 anesthetics x 18 patients) was best fit to a five- 
compartment exponential function (Table 1). The 
remaining seven data sets (six for methoxyflurane 
and one for enflurane) were best fit by either a 
four- or six-exponential function or were incomplete 
because of limited collections. The hybrid time con- 
stants were similar when compared between anes- 
thetics (Table 1). The Ls hybrid time constants for all 
four anesthetics increased with age (P = 0.05). 

The central volume of distribution (V,) as deter- 
mined by mammillary rate constant analysis. de- 
creased with age for all four anesthetics, but the trend 
was weak (P = 0.11-0.23; ° = 3%-12%). The mam- 
millary rate constants were not significantly affected 
by aging except for ks; (Table 2). The ks; mammillary 
rate constants decreased with age for all four anes- 
thetics (P = 0.01-0.53; 7* = 5%-27%), but reached 
statistical significance (P = 0.05) only for the two least 
soluble anesthetics, isoflurane and enflurane. The ky 
mammillary rate constants reflecting metabolism did 
not vary with age but increased proportionately with 
anesthetic solubility for all four anesthetics (P = 0.05). 

Tissue perfusion was estimated for each compart- 
ment by making an assumption: that each kinetic 
compartment represents a known tissue group (Table 
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3) (see Discussion). Perfusion estimates for the sec- 
ond compartment decreased with age for all four 
anesthetics but reached statistical significance only 
for the two insoluble anesthetics, isoflurane and 
enflurane (P = 0.05; ° = 18%-28%). Perfusion esti- 
mates decreased with age for all four anesthetics for 
both the fourth and fifth compartments (P = 0.01- 
0.57; 1° = 0%~28%), but the effect was strong only for 
the two less soluble anesthetics, isoflurane and en- 
flurane (P = 0.05; 17 = 26%-28%). 

Table 4 shows the volume (liters) of each compart- 
ment, estimated by assuming each kinetic compart- 
ment represents a known tissue group. The esti- 
mated volumes of the fourth and fifth compartments 
increased with age for all four anesthetics. This trend, 
however, reached statistical significance (P = 0.05) 
only for isoflurane and enflurane (fourth compart- 
ment) and halothane (fifth compartment). Tissue 
volume estimates were inversely proportional to an- 
esthetic solubility; volumes estimated for methoxyflu- 
rane were smaller than those for the other three 
anesthetics. 

Total body clearance for all four anesthetics de- 
creased with age, but the trends failed to reach 
statistical significance (P = 0.38-0.57; r7 = 1%). Clear- 
ance values increased in proportion to anesthetic 
solubility (Table 5). Those for halothane and methoxy- 
flurane were significantly higher than those for iso- 
flurane and enflurane (P = 0.05). 

Total body fat, as measured by anthropometric 
measurements, correlated strongly with age (P = 
0.00; 7 = 68%). Estimates of total body fat from 
kinetic data (the volume of the fourth added to the 
volume of the fifth compartment) also increased with 
age for all four anesthetics (P = 0.04-0.19; 7° = 
9%-23%). Kinetic estimates of total body fat volumes 
correlated with anthropometric measurements for all 
four anesthetics (P < 0.00; 7 = 69%-79%). 

The apparent volume of distribution at steady state 
(Table 6) increased with age for all four anesthetics 
(P = 0.04-0.20; 7° = 9%-23%). The trend was stron- 
gest for methoxyflurane (P <= 0.04) and isoflurane and 
halothane (P = 0.05), and weaker for enflurane (P = 
0.08). The volume of distribution at steady state 
correlated well with the estimates of fat by anthropo- 
metric measurements for all four anesthetics (P = 
0.001-0.03; r? = 56%-72%). Vd,, was directly propor- 
tional to the anesthetic solubility, the Vd,, for me- 
thoxyflurane being two to three times greater than 
that for other, less soluble anesthetics. 


Discussion 


Our present results and those from previous studies 
(7,15) indicate that a sum of five exponentials best 
describes elimination of volatile anesthetics. Such a 
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Table 1. Hybrid Time Constants (1/L,) for the Five-Compartment Exponential Function of Alveolar Elimination 


Isoflurane Enflurane Halothane Methoxyflurane 
Compartment (min) (min) l (min) (min) 
Elderly patients’ (n = 11) (n = 10) (n = 11) (n = 8) 
I * 0.27 + 0.03 0.23 + 0.02 0.23 + 0.02 0.09 + 0.03 
2 8.12 + 0.52 7.62 + 0.56 7.62 + 0.38 8.51 + 0.84 
3 61.16 + 8.94 72.05 + 7.73 91.58 + 14.42 64.39 + 6.72 
4 521 + 59.7 559 + 90.5 398 + 121 588 + 83.0 
5 - 3704 + 411° 3333 + 222" 3846 + 444° 4167 + 868 
Young patients’ (n = 7) (n = 7) (n = 7) (n = 4) 
1 0.29 + 0.02 0.25 + 0.02 0.27 + 0.01 0.13 + 0.02 
2 6.13 + 0.41 5.99 + 0.54 7.41 + 0.52 8.26 + 0.44 
3 56.2 + 2.81 57.5 + 2.74 52.4 + 4.20 55.8 + 14.0 
4 405 + 36 433 + 28 347 + 53 356 + 23 
5 2037 + 398° 1942 + 320° 2294 + 458° 2353 + 327 
Values are mean + SEM. 
“Age, 73.2 + 3.1 yr; weight, 72.7 + 3.1 kg. 
bAge, 31 + 1.8 yr; weight, 65.2 = 3.0 kg. 
¢-4.¢./These pairs of values are statistically different {P = 0.05). 
Table 2. Estimated Mean Volumes of the Central Compartment and Mammillary Rate Constants 
Compartment Isoflurane Enflurane Halothane Methoxyflurane 
Elderly patients’ (n = 11) (n = 11) (n = 9) (n = 7) 
Vi 1.71 + 0.14 1.77 + 0.16 1.83 + 0.22 3.12 + 0.42 
kio 1.81 + 0.15 1.83 + 0.16 1.99 + 0.25 1.39 + 0.20 
ko 1.03 + 0.11 1.39 + 0.16 1.61 + 0.15 3.31 + 0.32 
kiz x 107? 3.20 + 0.30 4.08 + 0.33 4.07 + 0.80 7.74 + 1.65 
ky X 107? 3.23 + 0.49 3.63 + 0.55 2.89 + 0.46 4.63 + 1.15 
kis x 1073 2.22 + 0.37 2.61 + 0.54 3.08 + 0.65 5.01 + 1.25 
kek 10" 1.68 + 0.12 1.87 + 0.14 1.90 + 0.64 1.31 + 0.45 
ka X 107? 2.02 + 0.33 1.87 + 0.22 2.32 + 0.73 2.69 + 0.77 
kip x107 2.22 + 0.27 2.21 + 0.29 2.51 + 0.36 2.68 + 0.62 
ks, x 1074 3.06 + 0.23° 3.52 + 0.267 3.33 + 0.40 3.45 + 0.61 
kog X 1077 0.20 + 0.14 0.67 + 0.39 2.57 + 0.56 11.13 + 4.62 
Young patients” (n = 7) (n = 7) (n= 7) (n = 4) 
1 1.80 + 0.12 1.89 + 0.13 ` 2.03 + 0.13 2.83 + 0.27 
kio 1.76 + 0.18 1.70 + 0.20 1.71 + 0.23 1.25 + 0.14 
2 1.35 + 0.08 1.72 + 0.07 1.88 + 0.07 4.99 + 0.32 
kı x 107} 3.14 + 0.31 4.39 + 0.48 3.24 + 0.41 4.67 + 0.80 
ki, x 107? 2.47 + 0.31 2.88 + 0.38 2.17 + 0.21 4.22 + 0.55 
kis X 107! 1.68 + 0.34 1.84 + 0.44 1.38 + 0.32 3.57 + 0.97 
kax 10 2.36 + 0.16 2.46 + 0.23 1.99 + 0.25 1.18 + 0.18 
ks, 10°" 2.08 + 0.11 2.06 + 0.10 2.61 + 0.77 2.50 + 0.56 
ką, X 107° 3.05 + 0.37 2.75 + 0.29 3.68 + 0.82 3.94 + 1.33 
ks; x 1074 5.40 + 1.02° 5.78 + 0.94? 4.70 + 0.88 4.38 + 0.88 
kon X 107? 0.11 + 0.11 1.04 + 0.31 3.09 + 0.62 7.56 + 0.73 





V,, volume of central compartment in liters; kọ, mammillary rate constants (min~’). 


Values are mean + SEM. 
"Age, 73.2 + 3.1 yr; weight, 72.7 + 3.1 kg. 
Age, 31.0 + 1.8 yr; weight, 65.2 + 3.0 kg. 


“These pairs of values are statistically different from one another (P = 0.05). 


sum of exponentials may describe several different 
pharmacokinetic models, and any of these models 
will yield a unique set of mammillary rate constant 
values (16). Well-known dangers are associated with 
ascribing physiologic significance to pharmacokinetic 
parameters derived from these models (17). Never- 
theless, a specific physiologic interpretation of the 


models can be supported by incorporating what is 
known of physiologic and anatomic reality into the 
modeling process. For this reason, we assigned phys- 
iologic and anatomic identities to our mammillary 
model (Tables 3 and 4) based on accepted theory and 
known values for tissue perfusion, volume, and 
solubility that were not acquired by kinetic methods 
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Table 3. Mean Perfusions Estimated for Each Kinetic Compartment Assuming That Each Compartment Represents a 


Known Tissue Group 





(mL-100 mL tissue 


Isoflurane 


~ Enflurane 


(mL-100 mL tissue 


Compartment vol~?-min7") vol™!-min™?) 
Elderly patients* (n = 11) (n = 11) 

2 30.06 + 2.15° 24.26 + 1.85% 

3 3.07 + 0.50 2.04 +-0.24 

4 11.79 + 1.41 9.05 + 1.18 

5 1.63 + 0.128 1.44 + 0.10" 
Young patients? (n = 7) (n= 7) 

2 42.20 + 2.80° 31.92 + 2.974 

3 3.16 + 0.17 200 20.11 

4 16.18 + 1.94 11.27 £ 1.18 

5 2.37 + 0.38" 


Halothane 


(mL-100 mL tissue 


vol7?-min~}) 


(n = 9) 
23.78 + 2.61° 
3.33 + 1.06 
15.25 + 2.19 
2.02 + 0.24 

(n = 7) 
37.03 + 4.69° 
9/62 141 
22.31 + 5.00 
2.85 + 0.53 


Methoxyflurane 
(mL-100 mL tissue 


vol7?-min7?) 


(1 =7) 
11.21 + 1.18 
4.14 + 1.19 
14.04 + 3.28 
1.81 + 0.32 

(n = 4) 
15.28 + 2.38 
3.85 + 0.87 
20.66 + 6.96 
2.30 + 0.46 


Literature 


60.7/ 
2.5 


2a 


60.77 
2.5 


2y 


2.87 + 0.548 


Values are mean + SEM. 
“Age, 73.2 + 3.1 yr; weight, 72.7 + 3.1 kg. 
"Age, 31 + 1.8 yr; weight, 65.2 + 3.0 kg. 


<-4.¢.8-k These pairs of values are statistically different from one another (P = 0.05). 


‘These values compiled from Mapleson (19) and Guyton (20). 


Table 4. Mean Volume Estimated for Each Kinetic Compartment Assuming That Each Compartment Represents a 


Known Tissue Group 


Isoflurane Enflurane 
Compartment (L) (L) 
Elderly patients? (n = 11) (n = 11) 
2 3.93 + 0.45 3.68 + 0.40 
3 14.56 + 2.24 18.41 + 2.46 
4 3.33 + 0.46 3.55 + 0.454 
5 15.92 + 2.14 14.85 + 2.01 
Young patients? (n = 7) (n = 7) 
2 3.93 + 0.30 3.88 + 0.41 
3 12.20 + 1.19 17.41 + 1.53 
4 2.01 + 0.33 2.40 + 0.357 
5 9.74 + 3.27 


9:35 342 


Values are mean + SEM. 
“Age, 73.2 + 3.1 yr; weight, 72.7 + 3.1 kg. 
’Age, 31 + 1.8 yr; weight, 65.2 + 3.0 kg. 


Halothane Methoxyflurane 
(L) (L) Literature 
(n = 9) (n = 7) 

3.44 + 0.45 3.04 + 0.55 3.66 
10.32 + 2.09 4.84 + 1.59 23.45 
1.39 + 0.24" 0.64 + 0.11 — 
9,59 + 1.16 5.24 + 1.10 13.5° 

(n = 7) (n = 4) 
3.64 + 0.53 3.67 + 0.53 36° 
7.99 + 1.36 2.86 + 1.08 23.4° 
0.90 + 0.17" 0.45 + 0.11 — 
5.09 + 1.70 3.36 + 1.27 13.5° 


‘Values (liters) are compiled from report of the Task Group on Reference Man (21). 
defThese pairs of values are statistically different from one another (P = 0.05). 


(6,13,18-21). In doing so, we acknowledge that our 
study does not prove these identifications, but rather 
these assumptions allow us to interpret our kinetic 
observations in the framework of a familiar physio- 
logic model (Figure 1). In the text that follows, the 
reader must realize that anatomic references for ki- 
netic observations are based not on absolute identifi- 
cation of the named tissues, but rather on reasonable 
assumptions. 

Fa/Fı increased rapidly for all anesthetics (includ- 
ing NO) as would be predicted from their relative 
solubilities in blood and tissues (Figure 2). These 
administration data support at best a two-compart- 
ment exponential function analysis. We observed no 
effect owing to aging during the administration 
phase. The inability to define an effect owing to aging 
in this phase is probably due to the limited number of 


observations available during the shorter (0.5 h) ad- 
ministration period. 

Fa/FaAp ratios, in contrast to the Fa/Fı data, contain 
information sufficient to support a five-compartment 
exponential function fit. Most of the changes owing 
to aging were observed in parameters derived from 
the fourth and fifth compartments and would not 
have been detected if only the administration data 
were considered. These “richer” elimination data 
(5-7 days) show that aged patients eliminate anes- 


. thetics more slowly after the first 24 h (Figure 4). This 


observation is consistent with an increased ratio of 
fat/lean body weight (22) and decreased perfusion per 
unit volume of fat in the aged (Table 3). 

All four anesthetics were eliminated at about the 
same rate (Figure 3) despite predicted differences 
based on anesthetic solubility in blood and tissue. 
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Table 5. Total Body Clearances of Isoflurane, Enflurane, Halothane, and Methoxyflurane 








Isoflurane Enflurane Halothane Methoxyflurane 
(mL/min) (mL/min) (mL/min) (mL/min) 
Elderly patients’ (n = 11) (n = 11) (n = 11) (n = 11) 
2802.1 + 219.7 2927.6 + 205.0 3644.9 + 225.4° 7756.2 + 487.1° 
Young patients? (n = 7) (n = 7) (n = 7) (n = 7) 


3032.3 + 147.1 


3166.1 + 151-5 


3879.9 + 170.47 8260.1 + 67.07 





Values are mean + SEM. 
"Age, 73.2 + 3.1 yr; weight, 72.7 + 3.1 kg. 
’Age, 31 + 1.8 yr; weight, 65.2 + 3.0 kg. 


edThese values are significantly different from those for the other anesthetics in each age group (P = 0.05). 


Table 6. Apparent Total Body Volumes of Distribution at Steady State for Isoflurane, Enflurane, Halothane, 


and Methoxyflurane 
Methoxyflurane 
Isoflurane (L) Enflurane (L) Halothane (L) (L) 
Elderly patients’ (n = 11) (n = 11) (n = 9) (n = 7) 
1536.9 + 167.3° 1615.9 + 170.04 1821.9 + 211.7° 5123.5 + 1017.8 
Young patients” (n = 7) (n = 7) (n = 7) (n = 4) 


949.8 + 265.1° 


Values are mean + SEM. 
"Age, 73.2 + 3.1 yr; weight, 72.7 + 3.1 kg. 
’Age, 31 + 1.8 yr; weight, 65.2 + 3.0 kg. 


1066.0 + 303.4? 


1012.7 + 279.9° 3347.1 + 1136.7 


edeThese pairs of values are significantly different from one another (P = 0.05). 


This unexpected homogeneity of elimination is prob- 
ably the net result of two independent but comple- 
mentary elimination processes. The less soluble an- 
esthetics are being redistributed (eliminated) more 
rapidly than highly soluble anesthetics from the fifth 
compartment. This is evidenced by larger k,,; mam- 
millary rate constants and longer hybrid time con- 
stants for the less soluble anesthetics. The less soluble 
anesthetics would be eliminated more quickly than 
the soluble anesthetics were it not for increased 
metabolic elimination of the highly soluble anesthet- 
ics as evidenced by larger kọ mammillary rate con- 
stants (Table 2) and total body clearances (Table 5). It 
seems reasonable to believe that ks} may represent 
elimination of anesthetic from the poorly perfused fat 
group and that ky) probably represents hepatic me- 
tabolism of anesthetic (23). It is interesting that 
whereas ks; decreased with age, implying decreased 
perfusion relative to capacity with age, ky, (hepatic 
metabolism) appeared to be unaffected by aging. 
The initial volume of distribution (V,) decreased 
with age for all anesthetics, but the trend was weak 
and the effect did not reach statistical significance. V, 
also decreases with age for the intravenous anesthet- 
ics propofol, etomidate, znd thiopental (24-26), but 
these anesthetics differ because estimates of V, for 
these agents do not include pulmonary gas spaces 
(functional residual capacity). We expected to see a 
significant. increase in V, for the volatile anesthetics 
because of an increased functional residual capacity 


with aging. Perhaps this trend was obscured by noise 
in our data, or perhaps the volatile anesthetics differ 
from the intravenous anesthetics with respect to V4. 
Alternatively, the increase in closing capacity associ- 
ated with age may have impaired our ability to 
adequately assess the true functional residual capac- 
ity in the aged. 

We used mammillary rate constants to predict 
tissue perfusions and volumes. This is possible be- 
cause the metabolism, routes of excretion, and solu- 
bilities in blood and tissues are well known for each 
anesthetic (6,13,18-21). Tissue volumes for the sec- 
ond, third, and fifth compartments approximated the 
published literature values for the less-soluble anes- 
thetics isoflurane, enflurane, and halothane, circum- 
stantially supporting our assumptions regarding tis- 
sue identification. Tissue volume estimates for 
methoxyflurane, however, were smaller than for the 
other three anesthetics. The reason for this discrep- 
ancy is not clear, but may relate to lipid solubility or 
metabolism, because methoxyflurane is the most sol- 
uble and the most extensively metabolized of the four 
anesthetics (23). 

Our tissue perfusion estimates agreed reasonably 
well with published estimates of perfusion to the 
third and fifth compartment (muscle and fat) for all 
four anesthetics (Table 3) but underestimated perfu- 
sion to the second compartment (muscle group) by 
two to six times. This underestimate for the vessel- 
rich group may have resulted from intertissue diffu- 
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sion (27) to adjacent fat (fourth compartment), in 
effect causing us to underestimate tissue solubility. 
Perfusion to the second, fourth, and fifth compart- 
ments decreased with age for all anesthetics, the 
trend being strongest for the less soluble anesthetics 
isoflurane and enflurane. 

The most substantial changes with age were ob- 
served for the fourth and fifth compartments. The 
volume of the fourth and fifth compartments increased 
with age, consistent with increased total body fat in the 
elderly. Our observation that the sum of the volumes of 
the fourth and fifth compartments correlated with fat 
volume as measured by anthropometric methods sup- 
ports this thesis. Total body fat by anthropometric 
measurement also increased with age as did the appar- 
ent volume of distribution at steady state (Vd,,). 

We speculate that the fourth compartment may 
represent a thin layer of fat that receives anesthetic by 
diffusion from adjacent well-perfused tissues (i.e., peri- 
nephric fat) (27,28). Compatible with this identification 
of the fourth compartment is the observation that 
perfusion to the fourth compartment is intermediate 
between the vessel-rich group or muscle and fat and is 
an order of magnitude greater than perfusion to the 
fifth compartment (Table 3). Delivery of anesthetic to 
this compartment may be the sum of delivery by 
perfusion to fat and by intertissue diffusion from the 
_ vessel-rich group or muscle. Aging would be expected 
to delav elimination of anesthetic from the fourth com- 
partment because perfusion to the fourth compartment 
is decreased with age and because decreased perfusion 
to the second compartment with age would probably 
secondarily reduce the rate of additional elimination by 
intertissue diffusion. 

In summary, our results indicate that recovery 
from anesthesia proceeds more slowly in aged pa- 
tients. Tissue perfusion estimates are decreased in 
the elderly, and estimates of tissue volume are in- 
creased compatible with an increase in total body fat 
mass with age. The apparent volume of distribution 
for volatile anesthetics increases with age. 


Isoflurane (Forane) and enflurane (Ethrane) for this study were 
donated by Anaquest. Halothane (Fluothane) was donated by 
Ayerst Laboratories. 


References 


1. Greenblatt DJ, Sellers EM, Shader RI. Drug disposition in old 
age. N Engl J Med 1982;306:1081-8. 

2. Gregory GA, Eger EI II, Munson ES. The relationship between 
age and halothane requirement in man. Anesthesiology 1969; 
30:488-91. 

3. Tzankoff SP, Norris AH. Effect of muscle mass decrease on 
age-related BMR changes. J Appl Physiol 1977;43:1001-6. 

4, Miller RD. Anesthesia for the elderly. In: Miller RD, ed. 


13. 


14. 


15. 


16. 


17. 


18. 


19; 


20. 
21. 
22. 
23. 


24, 


25, 


26. 


27. 


28. 


ANESTH ANALG 
1991 ;73:310-8 


Anesthesia, 2nd ed. New York: Churchill Livingstone, 1986: 
1801-18. 


. Borkan GA, Norris AH. Fat redistribution and the changing 


body dimensions of the adult male. Hum Biol 1977;49:495-514. 


. Lerman J, Schmitt-Bantel BI, Gregory GA, Willis MM, Eger EI 


Il. Effect of age on the solubility of volatile anesthetics in 
human tissues. Anesthesiology 1986;65:307-11. 


. Carpenter RL, Eger EI II, Johnson BH, Unadkat JD, Sheiner 


LB. Does the duration of anesthetic administration affect the 
pharmacokinetics or metabolism of inhaled anesthetics in 
humans? Anesth Analg 1987;66:1-8. 


. Dixon WJ, ed. Nonlinear regression. BMDP statistical software 


1983. Berkeley: University of California Press, 1983:290-314. 


. Boxenbaum HG, Riegelman S, Elashoff RM. Statistical estima- 


tions in pharmacokinetics. J Pharmacokinet Biopharm 1974;2: 
123-48. 


. Wilkinson L. SYSTAT: the system for statistics. Evanston, Ill.: 


SYSTAT, Inc., 1987. 


. Ryan BF, Joiner BL, Ryan TA, eds. Minitab handbook. 2nd ed. 


Boston: Druxbury Press, 1982:218-59. 


. Bentel J, Beal S, Sheiner LB. SOLLIN. A module for determin- 


ing solutions to a pharmacokinetic linear compartmental 
model. Technical report of the Division of Clinical Pharmacol- 
ogy. San Francisco: University of California, 1977. 

Lerman J, Gregory GA, Willis MM, Eger EI Il. Age and 
solubility of volatile anesthetics in blood. Anesthesiology 1984; 
61:139-43. 

Durnin JVGA, Womersley J. Body fat assessed from total body 
density and its estimation from skinfold thickness: measure- 
ments on 481 men and women aged from 16 to 72 years. Br J 
Nutr 1974;32:77-97. 

Carpenter RL, Eger EI IL, Johnson BH, Unadkat JD, Sheiner 
LB. Pharmacokinetics of inhaled anesthetics in humans: mea- 
surements during and after the simultaneous administration of 
enflurane, halothane, isoflurane, methoxyflurane, and nitrous 
oxide. Anesth Analg 1986;65:575-82. 

DiStefano JJ IH, Landaw EM. Multiexponential, multicompart- 
mental, and noncompartmental modeling. I. Methodological 
limitations and physiological interpretations. Am J Physiol 
1984;246:R651-64. 

Hull CJ. How far can we go with compartmental models 
(editorial)? Anesthesiology 1990;72:399-402. 

Allott PR, Steward A, Mapleson WW. Pharmacokinetics of 
halothane in the dog. Comparison of theory and measurement 
in individuals. Br J Anaesth 1976;48:279--95. 

Mapleson WW. Circulation-time models of the uptake of 
inhaled anaesthetics and data for quantifying them. Br J 
Anaesth 1973;45:319-34. 

Guyton AC. Textbook of medical physiology. 7th ed. Philadel- 
phia: WB Saunders, 1986. 

International Commission on Radiological Protection. Report 
of the Task Group on Reference Man. Oxford: Pergamon, 1975. 
Evans TI. The physiological basis of geriatric general anesthe- 
sia. Anaesth Intensive Care 1973;319-22. 

Carpenter RL, Eger El II, Johnson BH, Unadkat JD, Sheiner 
LB. The extent of metabolism of inhaled anesthetics in hu- 
mans. Anesthesiology 1986;65:201-5. 

Kirkpatrick T, Cockshott ID, Douglas EJ, Nimmo WS. Pharma- 
cokinetics of propofol (Diprivan) in elderly patients. Br J 
Anaesth 1988;60:146—-50. 

Arden JR, Holley FO, Stanski DR. Increased sensitivity to 
etomidate in the elderly: initial distribution versus altered 
brain response. Anesthesiology 1986;65:19-27. 

Homer TD, Stanski DR. The effect of increasing age on 
thiopental disposition and anesthetic requirement. Anesthesi- 
ology 1985;62:714-24. 

Perl W, Rackow H, Salanitre E, Wolf GL, Epstein RM. Inter- 
tissue diffusion effect for inert fat-soluble gases. J Appl Physiol 
1965;20:621-7. 

Eger EI Il. Intertissue diffusion of anesthetics (letter). Anesthe- 
siology 1973;38:201. 


Modifications by Halothane of Responses to Acute Hypoxia 
in Systemic Vascular Capacitance, Resistance, and 
Sympathetic Nerve Activity in Dogs 
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and John P. Kampine, MD, PhD 
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Milwaukee, Wisconsin 


To examine the effects of halothane on segmental 
vascular responses to hypoxia, we used cardiopulmo- 
nary bypass with venous outflow divided into three 
compartments (splanchnic, coronary, and “other”) in 
dogs anesthetized with pentobarbital sodium. The 
reservoir volume changes represented the inverted 
changes in systemic blood volume (SBV). In addition, 
sympathetic efferent nerve activity (SENA) was 
simultaneously recorded from the ventral ansa sub- 
clavian nerve. Experiments were done in two groups: 
severe hypoxia (Po, of 19 mm Hg) and moderate 
hypoxia (Po, of 50 mm Hg). Hypoxia provoked a 
significant decrease in SBV of 22.3 + 3.1 mL/kg and 
10.5 + 1.6 mL/kg during severe and moderate hy- 
poxia, respectively. Two percent end-tidal halothane 
attenuated the decrease in SBV to 10.3 + 1.3 mL/kg 
during severe hypoxia, and 1% halothane attenuated 
the decrease to 3.7 + 1.4 mL/kg during moderate 
hypoxia. Subsequent chemoreceptor denervation in 
the presence of 1% halothane completely abolished 
the moderate hypoxia-induced decrease in SBV. In 
the presence of halothane, vascular resistance during 


cute hypoxia, a critical and sometimes fatal 

complication during anesthesia, has been re- 

ported to increase heart rate (1), blood pres- 
sure (1,2), and cardiac output (2,3). However, Man- 
ninen and Knill (4) have demonstrated that neither 
heart rate nor blood pressure is a reliable indicator for 
recognition of acute hypoxia during either halothane 
or enflurane anesthesia, suggesting that these anes- 
thetics attenuate the cardiovascular response to hy- 
poxia. 
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hypoxia was significantly less than that during con- 
trol conditions. Sympathetic efferent nerve activity 
increased significantly during severe and moderate 
hypoxia by about 180% and 55%, respectively. Dur- 
ing severe hypoxia, halothane did not cause any 
change in the response of SENA, whereas during 
moderate hypoxia, halothane tended to decrease 
SENA, but not significantly, and subsequent chemo- 
receptor denervation completely abolished the in- 
crease in SENA. Coronary resistance showed a hy- 
poxia-induced reduction that was not influenced by 
halothane. These results suggest that acute hypoxia 
causes a decrease in SBV dependent on the severity 
of hypoxia. Halothane attenuates the responses to 
moderate hypoxia in both resistance and capacitance 
vessels but does not completely abolish the decrease 
in vascular capacitance. During severe hypoxia, 
halothane (1% and 2%) does not depress the hypoxia- 
induced increase in sympathetic discharge, and the 
suppression of the vascular response by halothane is 
probably due to its peripheral (vascular) actions. 
(Anesth Analg 1991;73:319-26) 


Vascular capacitance, as well as vascular resistance 
and cardiac performance, are important determinants 
of cardiovascular function. It has been reported that 
acute hypoxia decreases systemic blood volume by 
16 mL/kg (5) and increases the mean circulatory filling 
pressure by 2.5 mm Hg (6). Such a large decrease in 
systemic blood volume is due to neural mechanisms. 
For instance, our previous study demonstrated acute 
decrease in systemic blood volume of 23 mL/kg after 
acute, severe hypoxia, which was attenuated by 60% 
and 83% after chemoreceptor denervation and after 
hexamethonium infusion, respectively (7). However, 
the effects of anesthetics on the vascular capacitance 
response to hypoxia have not been reported. One of 
the purposes of the present study was to examine the 
effect of halothane on the hypoxic responses, specif- 
ically those involving vascular capacitance, resis- 
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tance, and sympathetic nerve activity, using cardio- 
pulmonary bypass in pentobarbital-treated dogs. 

For the analysis of the participation of vascular 
resistance and capacitance in cardiovascular dynamic 
changes, cardiopulmonary bypass or right ventricular 
bypass is a reliable method (5,7-10), because changes 
in vascular resistance and capacitance can be reflected 
in the changes in arterial pressure and inverted 
changes in reservoir volume, respectively, during 
constant systemic perfusion flow. Furthermore, since 
Caldini et al. (10) postulated a model of two compart- 
ments for the analysis of the effect of epinephrine, 
cardiopulmonary bypass has been a useful method to 
divide the venous vascular bed into separate com- 
partments that have different time constants (7,8, 
11,12). In the present study, therefore, the venous 
outflow was divided into three compartments, 
splanchnic, coronary, and “other.” 

Davies et al. (13) demonstrated that halothane 
depresses the response of carotid body chemorecep- 
tors to hypoxia and hypercapnia in the cat, suggest- 
ing that the depression of chemoreflexes contributes 
to the effect of halothane on the hypoxic response. As 
the sympathetic nervous system plays an important 
role in the vascular responses to hypoxia by eliciting 
vasoconstriction which counteracts the direct vasodi- 
lating effect of hypoxia (14), efferent sympathetic 
nerve activity was simultaneously recorded as an- 
other part of this study. The purpose of these latter 
studies was to investigate whether changes in sym- 
pathetic nerve activity accompanied the observed 
vascular responses. 


Methods 


Two series of experiments were done using 11 mon- 
grel dogs (weighing 27.8 + 1.2 kg): six dogs for the 
severe hypoxia study and five dogs for the moderate 
hypoxia study. Each dog was anesthetized with 
30 mg/kg of pentobarbital sodium and supplemental 
doses were given as necessary. The trachea was 
intubated with a cuffed endotracheal tube and the 
tube was connected to a Bird Mark 7 respirator for 
mechanical ventilation with 100% oxygen. The partial 
pressure of carbon dioxide (Peco) was kept between 
30 and 40 mm Hg until cardiopulmonary bypass was 
started. Systemic arterial pressure was continuously 
measured through a cannula placed in the right 
axillary artery. To measure venous outflow pressure 
during cardiopulmonary bypass, catheters were 
placed in the superior vena cava via the right axillary 
vein and the inferior vena cava above the renal veins 
via the right femoral vein for “other” regions and 
splanchnic regions, respectively. All pressure lines 
were connected to Statham pressure transducers. 
After a median sternotomy and median laparot- 
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Figure 1. Schematic presentation of the cannulation for the mea- 
surements of regional outflows. RA, right atrium; RV, right ven- 
tricle; LV, left ventricle; Ao, aorta; SVC, superior vena cava; IVC, 
inferior vena cava; Az.V, azygos vein; FA, femoral artery; FV, 
femoral vein; COR, coronary outflow; SPL, splanchnic outflow; 
OTH, “other” outflow. 


omy were completed, cardiopulmonary bypass was 
instituted using a Sarns roller pump (model 3500) and 
a Shiley reservoir oxygenator. The roller pump was 
adjusted to be completely occlusive to maintain a 
constant perfusion flow rate despite changes in pe- 
ripheral vascular resistance. Five hundred units per 
kilogram of sodium heparin and 200 ug/kg of pancu- 
ronium bromide were given intravenously before the 
venous outflow cannulations. Venous outflow was 
divided into three compartments: splanchnic, coro- 
nary, and other outflow (Figure 1). Splanchnic out- 
flow was drained from the inferior vena cava through 
a catheter advanced to the middle of the diaphragm; 
this region was isolated by ligatures around the 
inferior vena cava below the renal veins and above 
the hepatic veins. Splanchnic output therefore in- 
cludes renal blood flow. The superior vena cava and 
azygos veins were also ligated. Blood outflow 
through a cannula placed in the right ventricle 
through the right atrial appendage represented coro- 
nary outflow and a small fraction (=1%) contributed 
by thebesian vein flow. Although coronary outflow 
pressure was not measured, the right ventricle was 
confirmed by inspection to be empty throughout the 
experiment. Venous outflows through catheters 
placed in the superior vena cava, left ventricular 
apex, and left femoral vein were joined and repre- 
sented other outflow. Outflow from each vascular 
bed was passed through Biotronex electromagnetic 
flowmeters and drained by gravity into a reservoir 
oxygenator primed with a mixture of lactated Ring- 
er's solution (2000 mL) and Dextran 40 (1000 mL) with 
10,000 U of sodium heparin. Blood flow recordings 
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were calibrated at the end of each experiment using a 
timed collected flow. Venous outflow pressure was 
adjusted by adjusting the height of the reservoir inlet 
to 5-10 mm Hg and was kept constant throughout the 
experiment. Systemic perfusion was performed 
through cannulas placed in both femoral arteries. The 
perfusion pump was adjusted so that arterial blood 
pressure was approximately equal to blood pressure 
before initiation of bypass, the perfusion being main- 
tained thereafter at a constant rate throughout the 
experiment. Body temperature was maintained at 
37°C with a heat exchanger during cardiopulmonary 
bypass. 

Sympathetic efferent nerve activity (SENA) was 
measured using the left ventral ansa subclavian 
nerve. The whole nerve was isolated, sectioned, 
desheathed, and laid across tungsten carbide bipolar 
electrodes in a warm mineral oil bath. Nerve activity 
was recorded using a high-impedance differential 
preamplifier (gain of 100; 0.1-10 kHz passband) fol- 
lowed by a filter amplifier combination. Raw nerve 
activity was recorded on a Vetter FM tape recorder for 
later analysis based on moving time average and 
voltage-to-frequency converter averaging (15) that 
counted for 2-s intervals. Nerve activity was recorded 
on a Grass model 7 polygraph simultaneously with 
measurements of arterial pressure, central venous 
pressure, and venous outflows from three beds. 

Reservoir blood volume, changes of which in- 
versely reflect changes in systemic blood volume, 
was measured at 30-s intervals by reading the blood 
level on the reservoir scale to the nearest 10 mL. The 
relationship between change in real blood volume 
and change in blood volume measured by graduation 
on the reservoir was examined in each experiment by 
adding blood of known volume to the reservoir to 
determine real blood volume change by correction of 
the measured change in volume. The average corre- 
lation was as follows: real blood volume change = 
(0.74 + 0.02) x (blood volume change measured by 
scale on the reservoir). This relation indicated that a 
measured volume change reflected 135% of a real 
volume change, and so the real volume change was 
determined by multiplying the measured reservoir 
volume change by 0.74. 

In both the severe and moderate hypoxia study, 
hypoxia was applied under three different conditions: 
control (hypoxia only), 1% halothane, and 2% 
halothane. To examine the contribution of peripheral 
chemoreceptors to hypoxia change, we have dener- 
vated peripheral chemoreceptors in five dogs and 
examined the effects of moderate hypoxia and 1% 
halothane. Aortic chemoreceptor denervation was 
performed by sectioning the cervical vagosympa- 
thetic trunks. The carotid chemoreceptor function 
was eliminated by painting 5% phenol topically over 
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the carotid sinus region after the regions were 
stripped of the sheath and crushed. Adequacy of 
carotid chemoreceptor denervation was verified by 
the absence of blood pressure response to the local 
application of 1 mg of sodium cyanide. The proce- 
dure to denervate the chemoreceptor is considered to 
be inevitably accompanied by some baroreceptor 
denervation of both carotid sinus and aortic barore- 
ceptors. 

Rest periods of at least 20 min were allowed 
between each exposure to hypoxia. Hypoxia was 
produced by changing the normal gas mixture, oxy- 
gen (6 L/min) and carbon dioxide (0.25 L/min), that 
was supplied to the oxygenator chamber. To produce 
severe hypoxia, oxygen (6 L/min) was replaced by 
nitrogen (6 L/min) for 3.5 min. For moderate hypoxia, 
a mixture of oxygen (1 L/min), nitrogen (5 L/min), 
and carbon dioxide (0.25 L/min) was given for 
4.5 min. Halothane was vaporized using a Fluotec 3 
vaporizer installed in line with a gas mixture supply 
to the reservoir. Halothane concentrations in blood 
samples were measured on a Perkin-Elmer Sigma 3B 
gas chromatograph at 5, 10, and 15 min after the start 
of readministration of halothane. Sodium bicarbonate 
(1 mEq/kg) was added to the reservoir soon after each 
exposure to hypoxia to maintain optimal pH and base 
excess. During exposure to hypoxia, blood samples 
were obtained from the reservoir for blood gas anal- 
ysis. 

All data are expressed as mean + standard error of 
the mean. Statistical analyses of blood gas tensions 
(Table 1) and baseline hemodynamic data (Table 2) 
were first performed with a two-way analysis of 
variance, and a paired t-test was done if the F-test 
was significant. For the analysis of the time-course 
(Figures 2-5), first a three-way analysis of variance, 
then a two-way analysis of variance was performed; 
and if the F-tests were significant in both analyses, a 
paired t-test was done. Differences were considered 
to be significant at the probability value of 0.05 or 
less. Halothane concentrations in blood were mea- 
sured using a modification of the gas chromato- 
graphic method reported by Lowe (16). 


Results 


Halothane concentration in perfusing blood was mea- 
sured in all six dogs in the severe hypoxia group and 
in three of five dogs in the moderate hypoxia group. 
Halothane concentrations at 15 min after exposure to 
1% and to 2% halothane were 0.70 + 0.05 (n = 9) and 
1.52 + 0.20 (n = 6) mM, respectively. 

Table 1 shows the changes in hemoglobin, pH, 
Pco,, partial pressure of oxygen (Po), and base 
excess measured immediately before exposure to 
hypoxia (baseline) and at 3 and 4 min of hypoxia in 
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Table 1. Changes in Blood Gases Caused by Severe and Moderate Hypoxia 
pH (U) 


Hb (g/dL) 
Baseline Hypoxia 
Severe hypoxia (n = 6) 
Control 90 +07 92+08 
i% HAL 94+£1.0 9.2 + 0.7 
2% HAL 9.0 +06 9.1 + 0.8 
Moderate hypoxia (n = 5) 
Control 8.9+0.4 86+0.3 
1% HAL 8.6 + 0.4 9.0 + 0.2 
1% HAL+DEN 9.02404 9120.4 


Baseline 


7.44 + 0.04 
7.42 + 0,02 
7.41 + 0.03 


7.42 + 0.04 
7.40 + 0.05 
7.43 + 0.05 


Hypoxia 


7.44 + 0.04 
7.47 + 0.02 
7.47 + 0.02 


7.44 + 0.04 
7.42 + 0.05 
7.42 + 0.06 


ANESTH ANALG 
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Po, (mm Hg) Peco, (mm Hg) BE (mEq/L) 
Baseline Hypoxia Baseline Hypoxia Baseline Hypoxia 
408.7 + 23 19.3 + 2.87 33.6 £2.2 31.122 -1.1 14. +05+1.1 
360.1 + 7.7 18.8 + 2.2 35.0 +21 31.0423 -1.8 +08 ~0.3 £0.9 
350.6:+ 18.6" 193430" 3651.7 31.3418 -17416 =0.1 $13 
375.2 + 27.8" 46.8 +2.1° 38.5+29 368229 +0.6 +17 +05+ 1.6 
361.8 + 216 50.4 +2.77 3942433 364433 0.0418 ~08+15 
336.5 +213" 524 +31 35.1422 38.2+31 406278. -042 24 


HAL, halothane; DEN, chemoreceptor deafferentation; Hb, hemoglobin; Po, partial pressure of oxygen; Pco, partial pressure of carbon dioxide; BE, base 


excess. 
aP < 0.05 vs baseline. 
bP < 0.05 vs control. 


Table 2. Baseline Values of Mean Arterial Pressure 
and Regional Outflows in Severe and Moderate 
Hypoxia Group 


Outflow (mL-kg™!-min~?) 


MAP 
(mm Hg) Splanchnic Coronary Other 
Severe hypoxia (n = 6) 
Control 8 +3 FANS 71 500.9 Slat 77 
1% HAL 7243" 697+66 4720.8 544287 
2% HAL 60 + 37? 68.7+647 5.0+0.9 54.9 + 7.0 
Moderate hypoxia (n = 5) 
Control 8647 56.74+2.8 3.6406 44.9 + 2.4 
1% Hal 7225 56.2+24 3.7409 45.74 2.5 
1% HAL+DEN 69+ 4" 525433 382+0.8 49.3 + 3.6 


HAL, halothane; DEN, chemoreceptor deafferentation; MAP, mean 
arterial pressure. 

“P <0.05 vs control. 

’P < 0.05 vs 1% halothane. 


the severe and moderate hypoxia groups, respec- 
tively. There was no significant difference in the 
magnitude of hypoxia among the three conditions 
in each group. The values of Po, during hypoxia 
were 38.9 + 1.7 (n = 11) and 22.8 + 1.5 {n = 15) mm 
Hg at 1 and 2 min of severe hypoxia, respectively, 
and 109.3 + 12.9 (n = 13), 67.7 + 2.8 (n = 12), and 
55.1 + 2.2 (n = 13) mm Hg at 1, 2, and 3 min of 
moderate hypoxia, respectively. 

Table 2 shows the baseline values (before hypoxia) 
of mean arterial pressure (MAP) and regional out- 
flows. In the severe hypoxia group, halothane caused 
a dose-dependent decrease in MAP; in the moderate 
hypoxia group, 1% halothane reduced MAP but 
chemoreceptor deafferentation did not cause further 
change. Regional outflows were not altered by 1% 
halothane, 2% halothane, and 1% halothane with 
deafferentation except for the reduction in splanchnic 
outflow with 2% halothane in the severe hypoxia 
group. 

The changes in MAP, venous outflows, and reser- 


voir volumes during hypoxia are shown in Figure 2 
(severe hypoxia) and Figure 3 (moderate hypoxia), 
MAP and each venous outflow being standardized to 
the baseline value and reservoir volume change. 
Mean arterial pressure increased above baseline val- 
ues (time 0) in five of six dogs during severe hypoxia, 
but this increase was not statistically significant. Even 
during the presence of halothane, MAP did not 
change during severe hypoxia, but was significantly 
lower than in the control group (Figure 2). During 
moderate hypoxia, MAP showed a tendency to in- 
crease, but this increase was not significant. Mean 
arterial pressure decreased during 1% halothane and 
showed a further decrease when chemoreceptor deaf- 
ferentation was added to 1% halothane (Figure 3). 
Severe hypoxia caused a profound decrease in 
splanchnic outflow (42% + 4% baseline) and an 
increase in coronary (587% + 118% baseline) and 
other (155% + 11% baseline) outflow under control. 
Halothane attenuated these alterations in venous 
outflows but its effect on coronary outflow (Figure 2) 
was not considered significant because, in one case, 
coronary outflow increased during halothane admin- 
istration. During moderate hypoxia, the changes in 
venous outflows were less than those during severe 
hypoxia. In splanchnic and other outflows, the 
changes were not significant at 4.5 min of moderate 
hypoxia. Coronary outflow increased to 199% + 19% 
baseline during moderate hypoxia, although this in- 
crease was attenuated with 1% halothane (159% + 
13% baseline) and was further attenuated with deaf- 
ferentation to 139% + 14% baseline. However, this 
difference (halothane vs deafferentation) was not 
statistically significant (Figure 3). Reservoir volume 
increased by 22.3 + 3.1 and 10.5 + 1.6 mL/kg during 
severe and moderate hypoxia, respectively (Figures 2 
and 3). Halothane attenuated this increase (Figures 2 
and 3) and chemoreceptor deafferentation subse- 
quent to 1% halothane completely abolished the 
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Figure 2. Time-course of changes after induction of severe hypoxia 
in MAP, venous outflow from three vascular beds, and reservoir 
volume during no halothane (control, circle), 1% halothane (trian- 
gle), and 2% halothane (square) anesthesia. HAL, halothane. °P < 
0.05 vs control response. *P < 0.05 vs time O. °P < 0.05 vs 1% 
halothane. (n = 6.) 


increase and even elicited a reduction (—1.2 + 
0.5 mL/kg) in reservoir volume (Figure 3). 

Figure 4 shows the hypoxia-induced changes in 
SENA standardized to the baseline level during con- 
trol conditions. Complete recordings of nerve activity 
were accomplished in five of six dogs in the severe 
hypoxia group and five of five dogs in the moderate 
hypoxia group. Severe hypoxia provoked a large 
increase in SENA and no significant difference was 
seen among control, 1% halothane, and 2% halo- 
thane. During moderate hypoxia, SENA increased 
significantly from control and from the presence of 
1% halothane. No change was seen during 1% 
halothane with deafferentation. Changes in coronary 
vascular resistance were calculated from the values of 
mean arterial pressure and coronary outflow. The 
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Figure 3. Time-course of changes after induction of moderate 
hypoxia in MAP, venous outflows from three vascular beds, and 
reservoir volume during control (no halothane, circle), 1% halo- 
thane (open triangle), and 1% halothane with chemoreceptor den- 
ervation (filled triangle). Note that the increase in reservoir volume 
was completely abolished after chemoreceptor denervation during 
1% halothane. Statistical symbols are the same as in Figure 2. 


time-course of coronary vascular resistance is shown 
in Figure 5. Two percent halothane reduced the 
baseline coronary resistance significantly. Severe hy- 
poxia caused a profound reduction in coronary resis- 
tance, and the changes after 1 min of hypoxia during 
1% halothane and 2% halothane were identical to 
those during control conditions. Moderate hypoxia 
also reduced coronary vascular resistance, but there 
was no significant difference among the three condi- 
tions: control, 1% halothane, and 1% halothane with 
deafferentation. 


Discussion 


The following principal results were obtained from 
this study. (a) Hypoxia tended to increase systemic 
vascular resistance and caused a decrease in systemic 
blood volume and total vascular capacitance depen- 


324 ARIMURA ET AL. 
RESPONSES TO HYPOXIA DURING HALOTHANE 


SEVERE HYPOXIA 


350 n 


300 —A— 1% HAL 
—0— 2% HAL 








b 
hb 
250 b 
x 
= 200 
2 
LH 
D 450. 
100 
50 
0 1 2 3 4 
TIME (MIN) 
MODERATE HYPOXIA 
2507 —o— CONTROL 
—~i— 1% HAL 
2001 —k— 1% HALDEN 
S 
$ 450 
L 
T 
100 
| 50 





TIME (MIN) 


Figure 4. Changes in SENA in response to severe hypoxia (top, 
n = 5) under control (no halothane), 1% halothane, and 2% halo- 
thane and in response to moderate hypoxia (bottom, n = 5) under 
no halothane (control), 1% halothane, and with chemoreceptor 
denerva‘ion. Format is the same as in Figure 2. 


dent on the severity of hypoxia. (b) Halothane atten- 
uated the hypoxic vascular responses in both arterial 
and venous vascular beds but did not abolish the 
capacitance response completely. (c) Augmentation 
in sympathetic nerve activity in response to severe 
hypoxia was not attenuated by halothane. (d) Vascu- 
lar responses to moderate hypoxia appear to be 
mediated entirely through peripheral chemorecep- 
tors, and 1% halothane did not completely eliminate 
this chemoreceptor-mediated response. (e) The re- 
duction in coronary resistance in response to hypoxia 
was dependent on arterial oxygen tension and not on 
the presence of halothane. 

Systemic blood volume decreased by 10.5 and 
22.4 mL/kg during moderate and severe hypoxia, 
respectively.This decrease in systemic blood volume 
can contribute to the increase in cardiac output that is 
observed during hypoxia (2,3) by increasing venous 
return to the heart. Rothe et al. (6) reported that 
severe hypoxia (Po, = 35 mm Hg) elicited an increase 
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Figure 5. Time-course of coronary resistance in response to severe 
hypoxia (top, n = 6) and moderate hypoxia (bottom, n = 5). Format 
is the same as in Figure 2. 


in mean circulatory filling pressure of 2.5 mm Hg, 
which is equivalent to a blood transfusion of 
6.25 mL/kg (an amount less than our results). This 
dissimilarity in blood volume change might be due to 
differences in experimental method. Braunwald et al. 
(5), using cardiopulmonary bypass as employed in 
this study, reported that hypoxia (O, saturation = 
50%) elicited a blood volume decrease of 16 mL/kg. 
Taking the magnitude of hypoxia into account, this 
value is quite consistent with our results. In our 
previous study (7), in which the experimental design 
was identical to that in our present study, active 
splenic contraction contributed to a total blood vol- 
ume reduction of about 60% (14 mL/kg) during severe 
hypoxia (Po, = 17 mm Hg). This value of 14 mL/kg is 
close to the blood volume expelled from the spleen by 
supramaximal stimulation of the splenic nerve (9). 
These results suggest that the severe hypoxia used in 
our present study caused almost maximal sympa- 
thetic stimulation. They also suggest that hypoxia 
stimulates expulsion of blood from the systemic cir- 
culation in proportion to the severity of hypoxia that 
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began at a Po, level of about 70 mm Hg (at 2 min 
during moderate hypoxia) and that maximal blood 
volume contraction may be about 20 mL/kg at a Po, 
level of less than 20 mm Hg in dogs. 

One of the circulatory adjustments during hypoxia 
in arterial vascular beds is the redistribution of blood 
flow because of uneven regional vascular resistance 
responses (14). Using microspheres in dogs, Adachi 
et al. (3) demonstrated that cardiac output increased 
and absolute blood flow increased to all organs except 
skin and muscle during hypoxia, although the frac- 
tional distribution of cardiac output decreased in the 
splanchnic bed and kidney. On the other hand, 
halothane itself has been reported to increase percent 
distribution of cardiac output to the brain, kidney, 
liver, and large intestine in rats (17) or to cause no 
profound redistribution (18) in rabbits using micro- 
spheres. In this study, we did not measure the inflow 
to each vascular bed. The baseline outflows, which 
were.measured at steady-state conditions during con- 
trol or during halothane adminisiration (where the 
measured outflow can be considered to be equal to 
inflow if shunt flow is negligible) did not show a 
profound change. However, splanchnic outflow 
showed a small decrease, suggesting that halothane 
itself did not cause a profound flow redistribution 
during the conditions of the present study. 

During severe hypoxia, marked decreases in 
splanchnic outflow and increases in coronary and 
other outflows were produced. Coronary outflow, 
which must be nearly equivalent to the inflow due to 
the small blood volume of the heart and short circuit 
time constant, increased about sixfold. This flow 
redistribution away from the splanchnic vascular 
bed, which has a long venous time constant, to 
coronary and other vascular beds, which have short 
time constants, results in an increase in venous 
return (11). Vascular capacitance cannot be solely the 
result of a passive change owing to flow distribution. 
Active change also contributes to a decrease in vas- 
cular capacitance, because an increase in sympathetic 
nerve activity caused by hypoxia can elicit venocon- 
striction and hence expel blood from the splanchnic 
vascular bed (16). 

During hypoxia, an increase in coronary outflow, 
which indicates an increase in coronary inflow, was 
attenuated by halothane. However, the fact that 
hypoxic changes in coronary resistance were the 
same under control and under 1% and 2% halothane 
indicates that coronary resistance was controlled by 
the arterial Po, level and was not directly influenced 
by halothane. Therefore, the difference in coronary 
outflow among these three conditions must be due to 
alterations in perfusion pressure caused by halo- 
thane. This result is consistent with that reported by 
Vance et al. (19) demonstrating that a large increase 
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in coronary artery flow caused by hypoxia was not 
influenced by the presence of halothane. Although 
they reported that the hypoxic increase in coronary 
artery flow was not caused until Po, was less than 
5.3 kPa, our study shows that the increase in coro- 
nary flow, or decrease in coronary resistance, can 


‘be elicited even during moderate hypoxia (Po, = 


50 mm Hg). . 

The circulatory response to hypoxia was attenu- 
ated by halothane, but the augmentation of sympa- 
thetic nerve activity caused by severe hypoxia was 
not affected by halothane. Moderate hypoxia-induced 
sympathetic discharge during the presence of 
halothane tended to be lower than that under control. 
This discrepancy between the response in sympa- 
thetic discharge and vascular response during severe 
hypoxia suggests that the site of action of halothane 
in attenuating vascular responses to severe hypoxia is 
in the peripheral vessels rather than in the sympa- 
thetic nervous system. Skovsted et al. (20), experi- 
menting on cats, reported a similar peripheral effect 
of halothane. They have demonstrated that halo- 
thane produced only a slight depression in sympa- 
thetic activity response to baroreceptor nerve stimu- 
lation, whereas the blood pressure response was 
markedly depressed (20). During hypoxia, the sym- 
pathetic discharge is stimulated through the chemo- 
receptor reflex and the so-called central pressor effect, 
which can be induced by extremely severe hypoxia 
and is augmented by decreased cerebral perfusion 
pressure (14). In a previous study, we found that 
even after chemoreceptor denervation, sympathetic 
nerve activity began to rise at 2.5 min of severe 
hypoxia, when the Po, was about 22 mm Hg (7). 

These findings indicate that the augmentation of 
sympathetic nerve activity during moderate hypoxia 
is mediated almost entirely through peripheral 
chemoreceptors, whereas the late rise in sympathetic 
discharge after 2.5 min of severe hypoxia is the result 
of a combination of chemoreceptor stimulation and 
central pressor effect. Some investigators have shown 
that halothane depressed the response of peripheral 
chemoreceptors (13,21) but did not abolish that re- 
sponse even at 2% concentration (13). A decrease in 
systemic arterial pressure not only augments the 
chemoreceptor reflex through the interaction be- 
tween arterial baroreceptor input and chemoreceptor 
input (14,22) but also augments the central pressor 
effect (14). Thus, halothane does not depress the 
response of sympathetic nerve activity to severe 
hypoxia. It is fully activated through chemoreceptor 
and central pressor effects, which are in turn aug- 
mented by halothane-induced hypotension. During 
moderate hypoxia, however, halothane appears to 
depress the response in sympathetic discharge, al- 
though the depression is not significant. 
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It should be noted that the dogs in this study were 
anesthetized with pentobarbital sodium. Although it 
has been reported that pentobarbital does not affect 
the chemosensory discharge (23), it may have con- 
tributed to the effect of halothane on hypoxic vascular 
responses when it was used in combination with 
halothane. Furthermore, as these experiments were 
done under constant perfusion flow using cardiopul- 
monary bypass, the role of cardiac performance 
should be taken into account as well. 

In conclusion, halothane attenuates the hypoxic 
vascular response in both resistance and capacitance 
vessels, although it did not completely abolish the 
decrease in systemic blood volume. This attenuation 
plays an important role in masking the response of 
vital signs, especially arterial pressure, to hypoxia 
during halothane anesthesia. During severe hypoxia, 
augmentation in sympathetic nerve activity was not 
depressed by halothane; thus, the attenuation in 
vascular response must be due to the action of 
halothane at peripheral sites, possibly by changing 
the responsiveness of blood vessels to sympathetic 
stimulation or by inhibitory action at cardiac and 
vascular smooth muscle sites. 


The authors thank Michael C. Lynch for technical assistance and 
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Breathing Pattern and Occlusion Pressure Waveform in 
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To examine the ventilatory effects of sevoflurane, 
breathing pattern, airway occlusion pressure wave- 
form, and the mechanical variables of the respiratory 
system were determined in seven subjects anesthe- 
tized with sevoflurane and in an additional seven 
subjects anesthetized with halothane. All patients 
breathed 1 MAC of anesthetic using oxygen as the 
carrier gas, and the measurements were performed in 
the absence of surgical stimulation. The durations of 
inspiration and expiration were significantly longer 
during sevoflurane than during halothane adminis- 
tration. Tidal volumes were larger in the sevoflurane 
group than in the halothane group. Occlusion pres- 
sure waveforms were also markedly different be- 
tween the two groups. Occlusion pressure during the 


between diaphragm and other respiratory mus- 

cles. Tusiewictz et al. (1) have demonstrated 
that the inspiratory muscles of the rib cage in 
halothane-anesthetized humans are more vulnerable 
than the diaphragm is to the depressant effects of 
halothane. Under these circumstances, frank retrac- 
tion of the rib cage appeared during early inspiration, 
indicating that the passive rib cage is not rigid 
enough to resist being sucked in by the decrease in 
pleural pressure generated by the diaphragm. Such a 
decrease in the stabilizing action of the intercostal 
muscles of the rib cage should also be related to the 
shape of the inspiratory driving pressure waveform. 
However, little attention has been paid to the wave- 
form of the tracheal occlusion pressure in anesthe- 
tized human subjects, despite its obvious importance 
in determining both the form of the spirogram and 
hence the effects that changes in respiratory timing 
will have on ventilation. 


j The sensitivity to inhaled anesthetics may differ 
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initial 300-400 ms tended to be less in the sevoflu- 
rane-anesthetized than in the halothane-anesthetized 
subjects. There was no evidence of an active Hering- 
Breuer reflex with either anesthetic. Mechanical var- 
iables of the respiratory system were essentially iden- 
tical between the two anesthetics. We conclude that 
(a) the ventilatory effects of halothane and sevoflu- 
rane are different, (b) the difference in the respiratory 
timing and depth of breathing originates from the 
action of the anesthetics on the central respiratory 
neural network, and (c) the different shape of the 
tracheal occlusion pressure may be largely due to the 
different effects of halothane and sevoflurane on the 
muscles of the rib cage. 

(Anesth Analg 1991;73:327-32) 


Recent experiments performed in our laboratory 
revealed that inhaled anesthetics have varying effects 
on the diaphragmatic contractile function in vivo, 
namely enflurane depresses diaphragmatic function 
more than halothane does (2). Similar, although less 
marked, depression of diaphragmatic function was 
also observed in sevoflurane-anesthetized dogs (3). 
This difference in the direct effects of anesthetics on 
the diaphragm and, possibly, on the inspiratory 
intercostal muscles may also bring about a different 
shape of the tracheal occlusion pressure waveform. 

Volatile anesthetics may also exert varying effects 
on the respiratory timing. For example, Marsh et al. 
(4) reported that, in dogs, duration of inspiration was 
longer during enflurane than during halothane anes- 
thesia irrespective of the vagal input. Similar differ- 
ence in respiratory timing was also observed in 
humans between enflurane and halothane anesthesia 
(5). 

Thus, we hypothesized that halothane and sevo- 
flurane act differently on the respiratory controlling 
mechanisms through their central and peripheral 
effects. We compared the patterns of breathing, 
shape of the occlusion pressure waveform, and the 
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Table 1. Anthropomorphic Data and Pulmonary Function Tests of Halothane and Sevoflurane Groups 


Sg ee ee 


Age Height 
(yr) (cm) 
Halothane 44.9 + 2.0 157.7 + 2.0 
in = 7) 
Sevoflurane 43.1 + 4.6 156.5 + 1.4 
(n = 7) 


FVC, forced vital capacity; FEV», forced expired volume in 1 s. i 


Values are mean + SEM. 


mechanical behavior of the respiratory system to 
investigate possible differences in the mode of action 
between halothane and sevoflurane. Recently devel- 
oped noninvasive techniques for assessing the con- 
trol and mechanics of breathing (6-8) were used. 


Methods 


The study was approved by the institutional ethical 
review committee and informed consent was ob- 
tained from all patients. 

Fourteen patients scheduled for minor gynecologic 
surgery were allocated to receive halothane (n = 7) or 
sevoflurane (n = 7). The choice of anesthetic was 
decided by each anesthetist who was unaware of the 
purpose of the study. However, anesthetists respon- 
sible for the last three subjects were asked to admin- 
ister halothane as the number of patients given 
halothane was only four after data had been collected 
from seven sevoflurane-anesthetized subjects. None 
had any significant cardiorespiratory or neuromuscu- 
lar disorders. Patient characteristics and the results of 
preoperative pulmonary function tests are listed in 
Table 1. No preanesthetic medication was given be- 
fore the induction of anesthesia. Anesthesia was 
induced with either halothane- or sevoflurane- 
nitrous oxide (66% )/oxygen via mask. After obtaining 
an adequate level of anesthesia, respiration was con- 
trolled manually and the nitrous oxide was discon- 
tinued. The trachea was intubated (inside diameter, 
7.5 mm) without the aid of muscle relaxants. Spon- 
taneous breathing was allowed to resume after tra- 
cheal intubation. Fractional concentrations of carbon 
dioxide and anesthetics were continuously monitored 
by an anesthetic/respiratory gas monitor (Albion In- 
struments, RASCAL). A minimum alveolar concen- 
tration of 1.0 of halothane and sevoflurane was 
defined as 0.74% and 1.71%, respectively (9). Tra- 
cheal pressure (Ptr) was measured using a differential 
pressure transducer (Nihon Koden, TP-603T) at the 
connection of the endotracheal tube and the flow- 
meter. Air flow (V) was measured by a hot-wire 
flowmeter (Minato, RF-H) and changes in lung vol- 
ume (AV) were obtained by electrical integration of 
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Figure 1. Tracing of tracheal pressure (Ptr), airflow (V), and 
changes in lung volume (AV) in a subject anesthetized with 
sevoflurane. Ti, duration of inspiration; Tz, duration of expiration; 
TroT, respiratory cycle time; Vt, tidal volume. 


the V signal. Ptr, V, and AV were recorded on a 
four-channel recorder. All measurements were per- 
formed at least 30 min after tracheal intubation and 
before the start of surgical procedures. In each sub- 
ject, steady-state conditions (i.e., stable V, AV, and 
end-tidal carbon dioxide concentration at end-tidal 
anesthetic concentration of 1 MAC for at least 10 min) 
were confirmed before starting the measurements. 
Ventilatory variables during unobstructed breathing 
were recorded for 2 min. Then, five end-inspiratory 
airway occlusions followed by five end-expiratory 
airway occlusions were performed every 10 breaths 
by turning the three-way stopcock incorporated into 
the breathing circuit. Durations of inspiration (T1) 
and expiration (Tx) and the respiratory cycle time 
(Trot) were measured from the V signal and tidal 
volume (VT) was determined from the AV signal as 
shown in Figure 1. Using these variables, mean 
inspiratory flow rate (V1/T1), duty ratio (T1/TTo7), 
respiratory frequency (f), and minute ventilation (Ve) 
were calculated. 

Passive respiratory elastance (Ers) was calculated 
according to the following equation described by Zin 
et al. (8): 


Ers = Pst,rs/AV, (1) 


where Pst,rs is the static pressure of the respiratory 
system obtained during the end-inspiratory airway: 
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Figure 2. Tracing of tracheal pressure (Ptr), airflow (V), and 
volume (AV) in a spontaneously breathing anesthetized subject. 
Occlusion of external airway was performed during expiration by 
turning the three-way stopcock incorporated into the breathing 
circuit and was maintained during an entire respiratory cycle. 
During this period, the inspiratory effort indicated by negative Ptr, 
was measured at 0.1-s intervals after onset of occluded inspiration. 
V and AV of the preceding breath were measured in the same way. 


occlusion and AV is the corresponding change in lung 
volume. Active respiratory elastance (E’rs) and resis- 
tance (R’rs) were also calculated by the method 
reported by Siafakas et al. (7), which is based on the 
following equation of motion: 


— Ptr = R'rs-V + E’rs-AV, (2) 


where P°tr is the tracheal pressure during an inspira- 
tory effort with the airways occluded at functional 
residual capacity, representing the inspiratory driv- 
ing pressure, and V and AV are, respectively, the 
instantaneous flow and volume changes during a 
control breath immediately preceding the occluded 
effort (Figure 2). Ptr during airway occlusion was 
measured at 0.1-s intervals after onset of occluded 
inspiration. V and AV of the preceding breath were 
measured in the same way, and data were plotted 
according to the following equation modified from 
Equation (2): 


(— P°tr—K;-V—-K,-V°VV = R'rs + E'rs-AV/V, (3) 


where K; and K, are constants representing the 
pressure-flow relationship of the endotracheal tube, 
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Table 2. Ventilatory Variables and Partial Arterial 
Pressure of Carbon Dioxide of Each Group 





Halothane Sevoflurane 

(n = 7) (n = 7) P 
Ti (s) 0.86 + 0.02 1.06 + 0.05 <0.01 
Te (s) 1.27 + 0.08 1.91 + 0.26 <0.05 
Ti/Tror 0.41 + 0.01 0.37 + 0.02 NS 
f (beats/min) 28.5 + 1.2 21.2 21.7 <0.01 
Vr (mL) 232 + 31 274 + 41 <0.05 
V1/T1 (mL/s) 268 + 27 259 + 17 NS 
Ve (L/min) 6.56 + 0.29 5.72 + 0.35 NS 
Paco, (mm Hg) 44.1 + 2.3 45.5 4 1.1 NS 


Tı, duration of inspiration; Te, duration of expiration; Tror, respiratory 
cycle time; TvTror, duty ratio; f, frequency of breathing; Vr, tidal volume; 
Vi/Ti, mean inspiratory flow rate; Ve, minute ventilation; Paco, arterial 
carbon dioxide tension. 

Values are mean + SEM. 


hot-wire flowmeter, and connectors. The pressure- 
flow characteristics of the equipment used in the 
study were determined in vitro by measuring the 
pressure difference across the equipment while blow- 
ing 100% oxygen at various flow rates (0-10 L/s). This 
was curvilinear, fitting Rohrer’s equation (P = K,V + 
KV’). The values of K; and K, amounted to 3.4 and 
7.7, respectively. Equation (3) was obtained by sub- 
tracting from —P°tr in Equation (2) the resistive 
pressure drop due to the equipment (including the 
endotracheal tube) and dividing both sides of the 
equation by V. Equation (3) is a linear function of the 
general type y = a + bx, where E'rs is the slope and 
R’rs is the intercept on the y-axis. Linear relation- 
ships were obtained in all subjects, with correlation 
coefficients (r) greater than 0.99. 

An arterial blood sample was drawn at the end of 
the experimental procedures and the partial pres- 
sure of carbon dioxide (Paco,) was measured using 
the blood gas analyzer (Radiometer, ABL2). Results 
were analyzed using the least-squares regression 
analysis and Student's t-test where appropriate. 
Statistical differences were considered significant at 
P < 0.05. 


Results 


Ventilatory variables and the value of Paco, obtained 
in each group are shown in Table 2. The administra- 
tion of sevoflurane was associated with significantly 
longer inspiratory and expiratory times than admin- 
istration with halothane was, whereas duty ratio was 
the same between the groups. Although tidal vol- 
umes were significantly larger in the patients given 
sevoflurane, reflecting the decrease in breathing fre- 
quency, minute ventilation and Paco, were not dif- 
ferent between the two groups. Mean inspiratory 
flow rate, calculated as tidal volume/inspiratory du- 
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Table 3. Individual Values of T1°/T1, Pmax/Tr° and P, , of Halothane- and Sevoflurane-Anesthetized Subjects 


Halothane group 


Sevoflurane group 


Subject Pmax/Tr° Por Pmax/Ty° Pos 
No. Tr°/Tr (cm H,0/s) (cm H,O) T/T (cm H,0/s) (cm HO) 

1 0.85 8.23 2.18 0.81 8.40 0.63 
2 0.81 10.00 1.89 0.98 10.95 1.51 
3 0.83 10.59 1.81 0.90 9,82 1.36 

4 0.82 11.04 2.86 0.90 10.94 1:31 

5 0.83 11.25 2.83 0.99 9.22 1.89 

6 0.80 8.26 2.13 0.89 9.99 1.38 

7 0.81 9.62 2.81 0.87 10.57 0.60 
Mezan 0.82 9.86 2.36 0.90 9.98 1.24° 
SEM 0.01 0.47 0.17 0.02 0.36 0.18 


Tr/T1, ratio of occluded inspiratory time and the unoccluded inspiratory time; Pmax/T1°, overall slope of the occlusion pressure waveform; Py ,, occlusion 


pressure at 0.1 s after the inspiratory effort. 


“Significant difference as compared with the value for the halothane group; P < 0.05. 
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Figure 3. Occlusion pressure waveforms of halothane- and sevo- 
flurane-anesthetized subjects. Pressure was measured in 100-ms 


intervals and averaged for seven subjects in each group. Values are 
mean + sEM. @, halothane; O, sevoflurane. 


ration (V1/T1), was similar in the two groups (Table 


In both groups, the ratios of occluded inspiratory 
time and the unoccluded inspiratory time (T1°/T1) 
were less than 1, indicating that the duration of 
inspiration was decreased by airway occlusion (Table 
3). The overall slopes of the occlusion pressure wave- 
form (Pmax/TI°) were not statistically different be- 
tween halothane- and sevoflurane-anesthetized sub- 
jects. In contrast to the similarity of Pmax/Tr° 
between the two groups, occlusion pressure at 0.1 s 
after the inspiratory effort was significantly less in the 
subjects who received sevoflurane than in those 
given halothane. Furthermore, as shown in Figure 3, 
occlusion pressure waveforms were also markedly 
different between the two groups. Occlusion pres- 
sure waveforms of all halothane-anesthetized sub- 
jects and two sevoflurane-anesthetized subjects were 
convex upward, whereas the remaining five subjects 
anesthetized with sevoflurane exhibited a more com- 
plex pattern (i.e., concave upward during the early 


Table 4. Average Values of Passive Respiratory 
Elastance, Active Respiratory Elastance, and 
Active Respiratory Resistance of Halothane and 
Sevoflurane Groups 


Ers E’rs R‘rs 
(cm H,O/L) (cm H,O/L) (cm H,O-L7*+s~") 
Halothane 22.3 42.8 28.0 + 3.0 2.42 + 0.64 
(n = 7) 
Sevoflurane 21.8 + 0.9 28.7 21.7 3.21 + 0.63 
(n = 7) 


Ers, passive respiratory elastance; E’rs, active respiratory elastance; R'rs, 
active respiratory resistance. 
Values are mean + SEM. 


inspiration and convex upward during the late in- 
spiratory phase). 

Ers, E’rs, and R’rs were identical between the 
subjects anesthetized with halothane and those anes- 
thetized with sevoflurane, indicating that the two 
anesthetics exert an essentially similar effect on the 
mechanical behavior of the respiratory system (Table 
4). In agreement with the previous observations (5), 
the values of E’rs were greater than those of Ers (P < 
0.01, paired t-test) in all subjects. 


Discussion 


The main findings of this study are that, at anesthetic 
depth of 1 MAC, halothane and sevoflurane exert a 
similar degree of ventilatory depression as assessed 
by Ve and Paco,. Also, mechanical variables of the 
respiratory system are identical between halothane- 
and sevoflurane-anesthetized patients, whereas ef- 
fects on the respiratory timing and depth of breathing 
are different between the anesthetics. In addition, the 
shape of the tracheal occlusion pressure waveform is 
markedly different between the two groups of pa- 
tients. 
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Respiratory Timing 


We found no significant difference in V1/T1, VE, and 
Paco, between halothane and sevoflurane at 1 MAC 
of anesthesia. Thus, the degree of ventilatory depres- 
sion exerted by these two anesthetics is comparable at 
least at 1 MAC. However, the patterns of breathing 
determined in terms of Tır, TE, and Vr were signifi- 
cantly different between the two groups. The differ- 
ence of the respiratory timing between the anesthet- 
ics may be due to the different degree of the strength 
of the Hering-Breuer inflation reflex (10). However, 
the reflex is probably not operative at the normal 
range of tidal volume in humans (11). Furthermore, 
duration of occluded inspiration (T1°) is equal to, or 
slightly shorter than, tne duration of unoccluded 
inspiration (Tr) not only during halothane but also 
during enflurane anesthesia (5), indicating that the 
Hering-Breuer inflation reflex does not regulate res- 
piratory timing during halothane or enflurane anes- 
thesia. This is also the case in our study where 
average values of Tı and Tr1° in patients anesthetized 
with halothane were 0.86 + 0.02 and 0.73 + 0.15 s, 
respectively (P < 0.05), whereas those of sevoflurane 
amounted to 1.06 + 0.13 and 0.98 + 0.09 s (mean + 
sD), respectively (P < 0.05). 

The mechanical behavior of the respiratory system is 
another important determinant of the breathing pat- 
tern. For example, an alteration of elastic and/or resis- 
tive component of the respiratory system may change 
the pattern of breathing through its effects on the load 
compensatory mechanisms (12). Concerning this point, 
our values of passive and active elastance in patients 
anesthetized with halothane are not different from 
those in patients anesthetized with sevoflurane. Active 
respiratory resistance in subjects breathing halothane is 
also comparable to that in subjects given sevoflurane. 
Furthermore, these values are in agreement with those 
determined in previous studies of patients anesthetized 
with halothane (6). 

Considering the absence of the Hering-Breuer in- 
flation reflex and the lack of a significant difference in 
mechanical behavior of the respiratory system be- 
tween the anesthetics, the most likely explanation for 
the different respiratory patterns is that each anes- 
thetic affects central respiratory regulatory mecha- 
nisms differently. In this regard, Marsh et al. (4) have 
reported a similar difference in respiratory timing and 
depth of breathing in dogs anesthetized with 
halothane or enflurane and concluded that the differ- 
ence originates from the different effect of the two 
anesthetics on the bulbopontine “pacemaker” mech- 
anism. Besides, Gautier et al. (13) have shown that 
increasing respiratory frequency induced by 
halothane can be abolished by midcollicular decere- 
bration, indicating that the tachypneic properties of 
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halothane stem from the effect of the anesthetic on 
the suprapontine structures. 


Respiratory Drive 


In general, Vr/Ti reflects the central respiratory drive 
(14). Vr/T1, on the other hand, can be affected by the 
inspiratory flow profile. When the inspiratory vol- 
ume-time profile is not linear, V1/T1 is no longer a 
pure index of inspiratory drive because it is time- 
dependent (15). In this regard, the analysis of the 
tracheal occlusion pressure waveform provides use- 
ful information as it is the driving pressure poten- 
tially available during inspiration. 

Our results demonstrate that occlusion pressure at 
0.1 s was significantly less in sevoflurane-anesthe- 
tized patients than in those anesthetized with 
halothane. Moreover, as illustrated in Figure 3, the 
occlusion pressure waveform was also markedly dif- 
ferent between the two groups of patients. It is 
noteworthy that Marsh and colleagues (4) have also 
noticed similar differences in the shape of the occlu- 
sion pressure waveform between halothane and en- 
flurane anesthesia in dogs. However, the mecha- 
nisms responsible for the period of low negative 
pressure during early inspiration during enflurane 
anesthesia was unclear. The shape of the occlusion 
pressure waveform has been shown to reflect the 
shape of the inspiratory neural drive (7,14). Conse- 
quently, a change in occlusion pressure is usually 
considered to indicate an alteration in respiratory 
drive. But other explanations exist: (a) changes in 
functional residual capacity and in the configuration 
of the chest wall, (b) neuromuscular blocking action 
and/or the effects on the excitation contraction cou- 
pling process in the respiratory muscles, and (c) 
changes in the pattern of contraction among various 
respiratory muscles. All these factors can influence 
the transformation of central respiratory drive into 
occlusion pressure. 

In this regard, changes in functional residual ca- 
pacity occur immediately after induction of anesthe- 
sia and do not change further with increasing depth 
of anesthesia or with administration of muscle relax- 
ant (16,17). Thus, although we did not measure 
functional residual capacity in our subjects, it would 
be reasonable to assume that the two anesthetics 
produced similar decreases in lung volume. Altera- 
tion of neuromuscular transmission and/or the con- 
tractility of the respiratory muscles may have influ- 
enced the relation between the occlusion pressure 
and the central neural drive. In fact, we have shown 
that the transdiaphragmatic pressure during bilateral 
phrenic nerve stimulation in sevoflurane-anesthe- 
tized dogs was less than that found in halothane- 
anesthetized dogs at comparable anesthetic depth. 
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(2,3). If these results can be applied to human sub- 
jects and to other respiratory muscles, lower oc- 
clusion pressure during early inspiration in sevoflu- 
rane-anesthetized patients would be reasonably 
supported. | 

Jones et al. (18) and Tusiewictz et al. (1) have 
demonstrated that the relative contribution of the rib 
cage to tidal volume is reduced with halothane anes- 
thesia. This reduction is associated with disappear- 
ance of the phasic activity of the parasternal inspira- 
tory intercostal muscles (1) which, in turn, impairs 
stabilization of the rib cage. Reduced intercostal mus- 
cle tone, or a delay of the intercostal muscle contrac- 
tion beyond the time when diaphragmatic descent 
has begun, may result in paradoxical rib cage motion 
and reduced Py . If such depression of intercostal 
muscle function is greater during sevoflurane anes- 
thesia than during halothane anesthesia, a greater 
disturbance of the coordinated motion of the chest 
wall and consequently lower occlusion pressure 
would result during early inspiration in sevoflurane- 
anesthetized subjects. Thus, we suggest that the 
different patterns of occlusion pressure waveform 
may be largely due to the different effects of halo- 
thane and sevoflurane on the muscles of the rib cage. 

In conclusion, we suggest that the difference in the 
respiratory timing and depth of breathing between 
halothane- and sevoflurane-anesthetized patients 
originates primarily from the different effects of the 
two anesthetics on the central respiratory neural 
network. In addition, the different shape of the 
tracheal occlusion pressure waveform may be due 
largely to the different effects of halothane and sevo- 
flurane on the muscles of the rib cage. Whether this 
differential effect involves neural (different degree of 
sensitivities of the phrenic and intercostal motoneu- 
ron pools) or muscular (different action of the anes- 
thetics on the neuromuscular transmission and/or 
contractile properties of the respiratory muscle itself) 
mechanism remains to be elucidated in humans. 


The authors are grateful to Spectramed Japan for lending the gas 
monitor (RASCAL) and to Maruishi Pharmaceuticals for supplying 
the sevoflurane used in this study. 
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Reliability of Capnography in Identifying Esophageal 
Intubation With Carbonated Beverage or Antacid in 


the Stomach 


Sam T. Sum Ping, MB ChB, FFARCS, Mahesh P. Mehta, Mp, and Tommy Symreng, MD, PhD 


University of Iowa, College of Medicine, Iowa City, Iowa 


To evaluate the reliability of capnography in identi- 
fying esophageal intubation in the presence of a 
carbonated beverage in the stomach, we first investi- 
gated the amount of CO, released from different 
carbonated beverages and antacids in a simulated 
stomach; next we measured the end-expired CO, 
level during esophageal ventilation with a carbon- 
ated beverage in the stomachs of six swine. CO, 
levels of approximately 20% were consistently ob- 
served in all carbonated beverages. The CO, levels 
obtained with sodium bicarbonate, Maalox, and so- 


method for identifying correct placement of 

endotracheal tubes (1,2). There is, however, 
evidence that carbon dioxide (CO,) waveforms simi- 
lar to those observed with tracheal intubation can be 
obtained with esophageal ventilation (3,4) with an 
end-expired CO, level as high as 2.0%. A normal CO, 
pattern during esophageal intubation has also been 
reported after ingestion of a carbonated beverage 
(5,6). Because these beverages are consumed so fre- 
quently in the United States, it is not uncommon for 
patients requiring emergency surgery to have re- 
cently drunk such a beverage. Another group of 
antacid-type beverages is also frequently ingested as 
medication for dyspepsia. One ingredient found in 
many antacids is sodium bicarbonate, which reacts 
with hydrochloric acid in the stomach to produce 
CO,. If normal CO, levels and waveforms can be 
obtained during esophageal ventilation after inges- 
tion of carbonated beverages or antacids, care must 
be exercised, at least during the first few ventilations, 


(rna fo is an effective and popular 
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dium citrate were 19.3%, 2.0%, and 0%, respectively. 
CO, waveforms were observed during esophageal 
ventilation in five of six animals after intragastric 
administration of a carbonated beverage. An end- 
expired CO, level of 2.5% or more was observed in 
two swine. The highest end-expired CO, level mea- 
sured was 5.3%. We conclude that although capnog- 
raphy is convenient and effective, it lacks all the 
attributes of an ideal monitor for detecting esopha- 
geal intubation. 

(Anesth Analg 1991;73:333-7) 


before relying totally on capnography for correct 
placement of the endotracheal tube. 

This study was designed to investigate the amount 
of CO, released from different carbonated beverages 
and antacids in a simulated stomach and the level of 
end-expired CO, obtained during esophageal venti- 
lations after administration of carbonated beverages 
in the stomachs of swine. 


Methods 


Measurement of CO, Released From Carbonated 
Beverages and Antacids in a Simulated Stomach 


Eight hundred milliliters of ambient air and 25 mL of 
1 N hydrochloric acid (HCI), together with the con- 
tents of a freshly opened can of carbonated beverage 
(355 mL) at 2°C, were introduced into a 3-L rubber 
breathing bag. The latter was sealed and placed ina 
38°C water bath. The CO, concentration of the gas in 
the bag was measured with a previously calibrated 
CO, infrared monitor (Beckman LBH). The pH and 
partial pressure of CO, (Pco,) of the liquid in the bag 
were measured with a blood gas machine (IL 813 
pH/blood gas analyser, Instrumentation Laboratory, 
Lexington, Mass.) at 1, 3, 5, and 10 min. The IL 813 
machine does not measure pH lower than 3.3 or Pco, 
higher than 405 mm Hg. The carbonated beverages 
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studied were Diet Coke, Classic Coke, Pepsi, Diet 
7-Up, and La Croix water. The procedure was done 
twice with Classic Coke and La Croix water, the 
second time with the omission of HCl. 

The antacids used were 3 g (0.5 teaspoon) of 
sodium bicarbonate, 10 mL of Maalox (1.2 g of alu- 
minum hydroxide and 0.6 g of magnesium hydrox- 
ide), and 30 mL of 0.3 M sodium citrate, each diluted 
with 150 mL of water for the study. 


Measurement of End-Expired CO, With Esophageal 
Ventilation Before and After Administration of 
Carbonated Beverages in the Stomach of Swine 


Six Yorkshire swine were studied with approval of 
the institutional animal investigation committee. After 
induction of anesthesia with intramuscular administra- 
tion of 15-20 mg/kg of ketamine, a 7-mm cuffed endo- 
tracheal tube was placed through a tracheostomy. An- 
esthesia was maintained with 20 mg‘kg~"h7' of 
intravenous pentobarbital and mechanical ventilation 
was performed through the tracheal tube with a tidal 
volume of 15 mL/kg (30% oxygen in nitrogen) at a rate 
to maintain normocarbia. Monitoring included electro- 
cardiogram, mean systemic arterial blood pressure 
measurement with a catheter placed in the carotid 
artery, and a continuous recording of expired CO, 
waveforms (Beckman LBII interfaced with Linear 1200 
penwriter). When stable conditions were established, 
another 7-mm cuffed tube, similar to the one in the 
trachea, was placed into the esophagus through the 
snout. The ventilator was connected to the latter tube 
and six ventilations were delivered to the esophagus. 
The ventilator was switched back to the tracheal tube, 
and the stomach was suctioned with a gastric tube 
passed through the esophageal tube. One hundred fifty 
milliliters (approximately half a can) of Diet Coke at 2°C 
was then instilled into the stomach through the gastric 
tube. The latter was removed and six more esophageal 
ventilations were delivered before reconnecting the 
ventilator to the tracheal tube. The stomach was again 
suctioned and the esophageal tube was removed. 


Results 


Carbon dioxide concentrations observed with the 
different beverages and antacids in the simulated 
stomach are shown in Table 1. The concentration of 
CO, in the simulated stomach increased over time 
with a maximum recorded at 10 min. A CO, concen- 
tration of approximately 20% was obtained after 
10 min with all the carbonated beverages. Maximum 
CO, levels with sodium bicarbonate (3 g), Maalox (10 
mL), and 0.3 M sodium citrate (30 mL) were 19.3%, 
2.0%, and 0%, respectively. 
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Table 1. CO, Concentration at 1, 3, 5, and 10 min After 

Addition of Carbonated Beverage or Antacid With 25 mL 
of 1 N Hydrochloric Acid (HCl) and Without HC! in the 

Simulated Stomach 


CO, concentration (%) 


1Min 3Min 5Min 10Min 
HCI present 
Diet 7-Up (355 mL) 15.2 18.0 19.8 217 
Pepsi (355 mL) 6.4 11.2 14.5 17.9 
Classic Coke (355 mL) 8.3 15.4 17.0 19.5 
Diet Coke (355 mL) 8.5 14.4 17.7 20.6 
La Croix (355 mL) IGI 16.2 19.0 21.5 
Maalox (10 mL) 1.2 tS 1.7 2.0 
NaHCO, (3 g) ` 15.9 18.2 18.9 19.3 
0.3 M sodium citrate 0 0 0 0 
(30 mL) 
No HCI present 
Classic Coke (355 mL) 14.3 17.1 19.0 20.8 
La Croix (355 mL) 11.0 15.2 17.8 20.5 


The partial pressure of CO, and pH measured with 
all the carbonated beverages, except La Croix water, 
were =405 mm Hg and £3.3, respectively. The pH of 
La Croix water was 4.9; after addition of HCl, pH was 
<3.3. The partial pressure of CO, on both occasions 
was =405 mm Hg. The pH with the sodium bicar- 
bonate, Maalox, and sodium citrate mixtures was 6.3, 
4.0, and 3.3, respectively. 

End-expired CO, levels during the first six esoph- 
ageal ventilations in the animal model before and 
after instillation of carbonated beverage are shown in 
Table 2. The highest end-expired CO, measured was 
5.3% when carbonated beverage was present in the 
stomach (Figure 1b). The CO, level in the same 
animal was 0.4%-0.5% with esophageal ventilations 
before addition of carbonated beverage (Figure 1a). 

CO, waveforms were observed in five of six ani- 
mals during esophageal ventilations both before and 
after addition of carbonated beverage. End-expired 
CO, levels of =2.5% were seen in two animals after 
administration of carbonated beverage (Table 3). 


Table 2. End-Expired CO, in Six Animals During 
Mechanical Ventilation 


End-expired CO, (%) 


Esophageal 

Ventilation Tracheal Esophageal after Cola 
Ist 48+ 0.9 0.4+ 0.3 2.0 + 2.1 
2nd 4.8+0.9 0.3 + 0.3 Loe 19 
3rd 48+ 0.9 0.4+ 0.3 iis aa 
4th 48+ 0.9 0.3 + 0.2 ie ane 
5th 4.8 + 0.9 0.3 + 0.2 1.1 + 1.4 
6th 4.9 + 0.9 0.2 + 0.1 1.4 + 1.3 


Values are mean + sD. 
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Table 3. End-Expired CO, in Each Animal During 
Esophageal Ventilation With a Carbonated Beverage in 
the Stomach 


End-expired CO, (%) during esophageal ventilation 
Animal 1st 2nd 3rd 4th 5th 6th 


1 2.5 2.5 2.0 1.8 2.0 1.8 
2 5.3 4.8 4.0 3.3 3.6 3.4 
3 0.1 0.2 0.3 0.2 0.1 0.1 
4 0 0 0 0 0 0 
5 1.9 1.3 1.2 1.1 0.9 0.8 
6 0 0 0.2 0.3 0.6 1.0 
Discussion 


An ideal monitor should exhibit a quick response 
time and have no false-positives or false-negatives. 
Unidentified esophageal intubation, although infre- 
quent, always results in disaster; and any monitor on 
which total reliance is to be placed to identify esoph- 
ageal placement of endotracheal tubes should be no 
less than ideal. Correct placement of endotracheal 
tubes can be confirmed by visualizing the presence of 
the endotracheal tube between the two vocal cords 
with laryngoscopy or by identifying tracheal rings 
and/or carina with bronchoscopy. Whether this de- 
gree of certainty could be exercised with capnogra- 
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phy for identifying esophageal intubation when the 
larynx cannot be visualized must be addressed. 

This study showed that end-expired CO, levels 
usually seen with tracheal ventilation can also be 
observed with esophageal ventilations after ingestion 
of carbonated beverage, confirming previous reports 
(5). In a previous study (3), the decrease in end- 
expired CO, level with esophageal ventilation did not 
always follow a washout curve pattern as suggested 
by Salzarulo et al. (8). CO, waveforms should be 
observed at least beyond the sixth ventilation before 
an opinion is reached about placement of an endo- 
tracheal tube (7). In a worst-case scenario, when the 
vocal cords of an obese patient cannot be visualized, 
for example, correct placement of the endotracheal 
tube cannot be confirmed for at least another five 
ventilations, even if a normal-looking CO, waveform 
is observed during the first ventilation. The obese 
patient presents several additional problems: auscul- 
tation for breath sounds is more difficult, chest ex- 
pansion on inspiration is not easily observed, and 
oxygen saturation decreases rapidly on apnea and on 
induction of anesthesia. Assuming a 700-mL tidal 
volume, a 9-L/min fresh gas flow rate into the circle 
system, and a minimal return of gas on expiration as 
is the case in esophageal ventilation (3), delivery of 
six ventilations normally takes 30 s. This long wait is 
unacceptable especially with a rapidly decreasing 
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arterial oxygen saturation. Following the oxygen sat- 
uration trend with a pulse oximeter may not help in 
distinguishing esophageal from tracheal intubation 
because there is usually a delay between ventilation 
of the lung with 100% oxygen and improvement in 
oxygen saturation. 

CO, waveforms with esophageal ventilations were 
recorded immediately after the instillation of carbon- 
ated beverage (Diet Coke) into the stomach. The 
concentration of CO, in the stomach depends on the 
rate of CO, production and excretion. CO, is released 
into the stomach from the carbonic acid in the bever- 
age whenever CO, concentration in the stomach 
reaches a point below that of the carbonic acid and 
CO, release continues until exhaustion of the car- 
bonic acid. Excretion of CO, from the stomach is by 
passive absorption through the mucosa into the 
blood circulating through the capillaries of the stom- 
ach until CO, concentration in the stomach decreases 
to the level present in the blood. A larger volume of 
carbonated beverage ingested will maintain a high 
CO, concentration for a longer time. How CO, wave- 
forms would be altered in relation to the time of 
administration of a specific volume of carbonated 
beverage during esophageal ventilations was not 
addressed in this study. 

The 20% CO, concentrations observed with the 
carbonated beverages and sodium bicarbonate in the 
simulated stomach were unexpectedly high. The pat- 
tern of increasing CO, levels was probably due to the 
dynamics of the diffusion process of CO, released 
from the liquid. CO, concentration was highest above 
the liquid surface, and as there was no “movement 
en masse” like during expiration from the lung, 
diffusion was the major process for COQ, to reach the 
sampling port. The increasing temperature of the 
liquid in the bag with heat transfer from the water 
bath aiso partly explains the increasing CO, concen- 
tration over time. An arbitrary volume of 800 mL 
of ambient air was added to simulate the gas bubble 
in the stomach. The normal volume of a stomach 
gas bubble is smaller and probably in the range of 
50-200 mL. Higher CO, concentrations would have 
been observed under similar conditions with a 
smaller volume of gastric air. 

Based on CO, concentrations observed in the sim- 
ulated stomach, a higher CO, level should have been 
measured during esophageal ventilation after the 
addition of carbonated beverage. The highest CO, 
concentration recorded was 5.3%, much lower than 
the CO, level in the simulated stomach. This discrep- 
ancy can be explained by the following. The gastro- 
esophageal sphincter allows gas to enter the stomach 
during “esophageal inspiration,” whereas during 
“esophageal expiration” return of gas to the esopha- 
gus from the stomach depends on the degree of 
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competence of the gastroesophageal sphincter. No 
gas flows back through a competent sphincter during 
“expiration” and a CO, waveform will not be ob- 
served. An incompetent sphincter permits return of 
gas during “expiration,” and the end-expired CO, 
level depends on the extent the stomach gas gets 
diluted by the incoming tidal volume. 

The enthusiasm for using capnography to identify 
proper placement of endotracheal tubes has relied on 
the fact that CO, can only be produced in the lung. 
The two reported cases of esophageal ventilation 
with normal CO, pattern (4,5) were somewhat ig- 
nored because it was thought that the endotracheal 
tubes were in the trachea when the CO, waveforms 
were observed and slipped into the esophagus when 
laryngoscopy was performed (8). In our previous 
study, in which ventilation was administered in suc- 
cession to two tubes (one in the trachea and one in 
the esophagus), we reported that CO, waveforms 
were observed in 33% of esophageal intubation (3). 
The highest level of CO, observed was 2%, and it 
may be argued that an end-expired CO, level of 2% 
will never be obtained with a properly placed endo- 
tracheal tube. However, with a carbonated beverage 
in the stomach, an end-expired CO, level as high as 
5.3% can be observed with esophageal ventilation, 
and correct assessment of endotracheal tube place- 
ment becomes more difficult. The other limitation of 
capnography is that during cardiopulmonary resus- 
citation, when CO, excretion may be low or none (9), 
presence or absence of CO, waveforms does not help 
in determining correct placement of endotracheal 
tubes. 

Esophageal ventilation may produce CO, wave- 
forms with normal CO, concentration but abnormal 
shape, among other possible combinations. The ab- 
normal CO, waveforms displayed by capnography 
may be an important clue in the early detection of 
esophageal intubation, whereas one would have 
been deceived by the normal CO, level indicated by 
the capnometer. Nevertheless, it should be remem- 
bered that the observation of normal CO, waveforms 
during the initial few ventilations is no guarantee of 
correct placement of the endotracheal tube (3,4). 

Unidentified esophageal intubation is an avoidable 
cause of morbidity and mortality, and although cap- 
nography has made a major improvement in the 
accuracy of assessing correct placement of endotra- 
cheal tubes, it is not the perfect monitor. The search 
for the foolproof monitor must continue and, until 
then, anesthesiologists are strongly urged to use a 
capnograph instead of a capnometer and to continue 
observing the CO, waveforms for at least 1 min after 
placement of an endotracheal tube. 
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Reflection of CO, Laser Radiation From Laser-Resistant 
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To assess the possibility of indirect damage by CO, 
laser reflection from specialized or modified tracheal 
tubes, four different tracheal tubes were studied. 
They were (1) a Rusch red rubber tracheal tube 
wrapped with 3M No. 425 aluminum foil tape, (2) a 
Rusch red rubber tracheal tube wrapped with Ven- 
ture copper foil tape, (3) a polyvinylchloride tracheal 
tube wrapped with Laser-Guard proiective coating, 
and (4) a Mallinckrodt Laser-Flex tracheal tube. The 
tracheal tubes were straightened and centered within 
cardboard cylinders and the laser set to 40 W was 
aimed to reflect from the tracheal tubes onto the 
cardboard. The times to combustion perforating the 


ccidental contact of CO, laser radiation with a 
A entisiti tracheal tube during laser airway 

surgery can convert the tracheal tube into a 
veritable “blowtorch” and cause extensive patient 
burns (1,2). In an effort to prevent laser-induced 
endotracheal tube fires, foil-wrapped rubber or 
polyvinylchloride or specially manufactured metallic 
endotracheal tubes have been advocated (3,4). 
However, these tubes may reflect the incident laser 
radiation with potential risk to the patient and 
operating room personnel. We sought to determine 
the possibility of indirect damage by CO, laser radi- 
ation reflected from either a specialized metallic 
endotracheal tube or from metal foil coverings used 
to protect conventional flammable endotracheal 
tubes. 


Methods 


A LaserSonics (Santa Clara, Calif.) model LS880 CO, 
laser in the continuous mode of operation was used 
with a Zeiss (Jena, Germany) Universal $2 operating 
microscope and 400-mm objective lens. The laser’s 
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cardboard cylinders because of laser reflection were 
1.41 + 0.54 (mean + sp), 1.73 + 0.93, 3.70 + 2.18, and 
9.26 + 3.40 s for tracheal tubes 1, 2, 3, and 4, 
respectively. The differences between the times to 
combustion with tracheal tubes 3 and 1, 3 and 2, 4 
and 1, 4 and 2, and finally, 4 and 3 were statistically 
significant. We conclude that the Laser-Guard- 
wrapped polyvinylchloride tracheal tube and the 
Mallinckrodt Laser-Flex tracheal tube were less reflec- 
tive of incident CO, laser radiation than the copper- 
or aluminum-foil-wrapped red rubber tracheal tubes. 
(Anesth Analg 1991;73:338-40) 


output was adjusted to 40 W with a 0.68-mm spot 
diameter. This power level is probably above that 
generally used clinically so that laser reflection occur- 
ring in practice may be of lesser intensity. Four 
different endotracheal tubes were evaluated: Rusch 
(Waiblingen, Germany) red rubber endotracheal 
tubes with an 8-mm inside diameter were wrapped 
with aluminum adhesive foil tape (No. 425, 3M 
Corp., St. Paul, Minn.) (No. 1) or with 1-mil copper 
adhesive foil tape (Venture Tape, Rockland, Mass.) 
(No. 2) (3). The other tracheal tubes studied were a 
Mallinckrodt (Argyle, N.Y.) Laser-Flex stainless steel 
metallic endotracheal tube with a 7-mm inside diam- 
eter (No. 3), and a polyvinylchloride (PVC) (Mallinck- 
rodt Hi-Lo, Argyle, N.Y.) endotracheal tube with a 
7-mm inside diameter that was covered with a Laser- 
Guard (Merocel Corp., Mystic, Conn.) protective 
coating (No. 5). The Laser-Guard consists of a self- 
adhesive, corrugated silver foil sheet bonded to a 
thin, absorbent sponge layer, which was saturated 
with water according to the manufacturer’s instruc- 
tions after its application to the tracheal tube. A ring 
stand was used to hold the straightened endotracheal 
tubes vertically. They were centered within identical 
cardboard cylinders with 45-mm diameter and 
115-mm length. The laser was aimed to reflect from 
the endotracheal tube shaft surface at a 45° angle onto 
the cardboard (Figure 1). All trials were conducted in 
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Figure 1. Apparatus for determining the intensity of CO, laser 
reflection from laser-resistant endotracheal tubes. A ring stand (A) 
supports cardboard cylinders (3) that have been centered around 
the endotracheal tube (C) under study. A metal rod (D) was used 
to straighten the endotracheal tube. The laser radiation (E) is 
directed at a 45° angle onto the endotracheal tube until combustion 
of the cardboard cylinder occurs because of the reflected laser 
beam. 


Table 1. Times to Combustion of Cardboard Cylinders by 
CO, Laser Reflection 


Tracheal tube type Time (s) 
RR + 3M No. 425 Al wrap 1.41 + 0.5474 
- RR + Venture Cu wrap 1.73 + 0.93% 


3.70 + 2.18% 
9.26 + 3.40°4¢ 


PVC + Laser-Guard coating 
Mallinckrodt Laser-Flex 

RR, red rubber; PVC, polyvinylichloride; Al, aluminum; Cu, copper. 

“P < 0.01, RR plus 3M No. 425 and PVC plus Laser-Guard coating. 

P < 0.02, RR plus Venture copper wrap and PVC plus Laser-Guard 
coating. 

“P < 0.05, RR plus Venture copper wrap and Mallinckrodt Laser-Flex. 

4P < 0.01, RR plus 3M No. 425 aluminum wrap and Mallinckrodt 
Laser-Flex. 

*P < 0.01, PVC plus Laser Guard coating and Mallinckrodt Laser-Flex. 


an atmosphere of room air only. Ten trials on each 
tube were done. The times to combustion perforating 
the cardboard were recorded. One-way analysis of 
variance was used to determine statistically signifi- 
cant differences between mean times. A P value less 
than 0.05 was considered statistically significant. 


Results 


The results of this study are summarized in Table 1. 
None of the foil-covered or specially designed tra- 
cheal tubes used in this experiment was damaged by 
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incident CO, laser radiation. Reflection of the laser 
from the aluminum- and copper-foil-wrapped tra- 
cheal tubes resulted in combustion of the cardboard 
cylinder in 1.41 + 0.54 (mean + sp) and 1.73 + 0.93 s, 
respectively (NS). Reflection from the Laser-Guard 
silver covering resulted in combustion after 3.70 + 
2.18 s, a significantly longer interval than that of the 
aluminum foil (P < 0.01) or of the copper foil (P < 
0.02). Laser application to the Mallinckrodt Laser-Flex 
tracheal tube caused a reflection that resulted in 
combustion after 9.26 + 3.40 s, a significantly greater 
interval than with the Laser-Guard covering (P < 
0.01), the aluminum foil (P < 0.01), or the copper foil 
(P < 0.05). 


Discussion 


Laser radiation is being used increasingly in medicine 
because of its power, the precision with which it 
can be used to ablate lesions, and its intrinsic hemo- 
static effects. Laser radiation often has the property 
of being collimated, i.e., the beam does not diverge. 
The collimation and intensity of the laser have led 
to the recommendation that blackened instruments 
be used during this type of surgery to prevent 
laser reflection. The metallic foil tapes that have 
been recommended for the protection of combustible 
tracheal tubes during laser surgery (3) appear reflec- 
tive, whereas Laser-Guard-protected tracheal tubes 
and Mallinckrodt stainless steel Laser-Flex tracheal 
tubes appear less reflective. This study evaluated the 
reflectivity of these special and protected tracheal 
tubes. 

The combustion of a cardboard cylinder employing 
a standardized technique of evaluating the reflection 
of the CO, laser from the iracheal tubes was used as 
a model for evaluating tracheal tube reflection of the 
CO, laser. 

The reflectivity of laser radiation from a smooth 
surface has been considered by Van Der Spek et al. 
(6). They state that for an incident laser beam of 
intensity I,, the intensity of the reflected beam (I,) is 
given by the equation: I. = I, — I,, where the 
transmission of the beam through the conductor is 
negligible, and where I, is the amount of beam 
absorbency in the conductor. Increased absorbency of 
the beam energy by an irradiated object decreases the 
energy reflected and will increase the temperature of 
the absorbing medium. 

In our study, the Laser-Guard-wrapped PVC and 
Laser-Flex tracheal tubes were superior to the 3M No. 
425 aluminum- or Venture copper-foil-wrapped PVC 
tracheal tubes in absorbing the laser beam’s energy 
and increasing the time to combustion by the re- 
flected beam. Silver has a high thermal and electrical 
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conductivity and the stainless steel shaft of the Laser- 
Flex tracheal tube is thicker than the aluminum or 
copper foils; hence, it has a greater thermal capacity. 
Unintended laser damage to tissues by reflection of 
the radiation as shown in this experiment is possible 
when metallic endotracheal tubes or foil surfaces are 
used to prevent direct laser-induced endotracheal 
tube combustion. 

Our results suggest that the Laser-Guard-wrapped 
PVC or Mallinckrodt Laser-Flex products are superior 
to the aluminum or copper foil tapes studied here 
with regard to the amount of reflected CO, laser 
energy they may allow onto the upper airway. They 
provide protection from the CO, laser-induced air- 
way fires (4,5) and have a low risk of tissue damage 
from a reflected laser beam. 
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To induce deliberate hypotension during anesthesia, 
nicardipine was administered to patients undergoing 
total hip arthroplasty and was randomly compared 
with nitroprusside. Hemodynamic measurements 
were performed before and 10, 20, 30, and 60 min 
after starting to administer either nicardipine (n = 12) 
or nitroprusside (n = 12) (B, T1, T2, T3, and T4, 
respectively); at the end of drug infusion (T5); and 10, 
20, and 60 min later (T6, T7, and T8, respectively). 
Plasma renin activity and catecholamine levels 
were measured at B, T1, T5, T6, and T7. In addi- 
tion, plasma nicardipine concentration was mea- 
sured in five patients at T1, T2, T5, T7, and T8. As 
with nitroprusside, nicardipine administration 
(1-3 ug-kg™'-min™!, after a titration dose of 4.7 + 
1.5 mg) resulted in hypotension (up to -34% + 3%), 
a decrease in systemic vascular resistances (up to 
~49% = 4%), and increases in heart rate (up to +17% 
+ 6%), cardiac index (up to +37% + 8%), plasma 
norepinephrine (up to +63% + 17%) and epineph- 
rine (up to +232% + 68%) levels, and plasma renin 


icardipine is a water-soluble, photoresistant, 

dihydropyridine calcium channel blocker 

that exhibits potent systemic and coronary 
artery vasodilatory effects (1). Nicardipine adminis- 
tration does not result in negative inotropic, chrono- 
tropic, or dromotropic effects (1). Its distribution and 
elimination half-lives are relatively short after a single 
intravenous bolus, close to 10 min and 1 h, respec- 
tively (2). Although there is extensive worldwide 
experience with nicardipine for the treatment of hy- 
pertension, only limited information is available on 
its use to induce deliberate hypotension and to atten- 
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activity (up to +336% + 207%). Ten and 20 minutes 
after discontinuation of the hypotensive drug, 
nicardipine led to persistent vasodilation and hypo- 
tension, which differed significantly from the hyper- 
tensive rebound observed after nitroprusside discon- 
tinuation, despite a similar increase in plasma renin 
activity and catecholamine levels. Our results indi- 
cate that after the infusion was terminated, the ni- 
cardipine-induced vasodilation was opposed to the 
vasoconstrictive effects of angiotensin II and catechol- 
amines, thus avoiding hypertensive rebound. During 
infusion, plasma nicardipine concentration was 89 + 
14 (T1), 88 + 19 (T2), and 205 + 52 ng/mL (T5); and 
after its discontinuation, 88 + 10 (T7) and 31 + 
3 ng/mL (T8), i.e., effective therapeutic levels. We 
conclude that nicardipine can be used to induce 
deliberate hypotension during total hip arthroplasty 
but results in cumulative effects that persist after the 
discontinuation of infusion, with a possibility of 
postoperative hypotension. 

(Anesth Analg 1991;73:341-5) 


uate bleeding during surgical procedures. Calcium 
channel blockers, verapamil (3) and diltiazem (4), 
may produce severe negative chronotropic and dro- 
motropic effects when used to induce deliberate hy- 
potension and therefore remained unusable. 

This study was designed to describe the hemody- 
namic, catecholamine, and renin angiotensin re- 
sponses to nicardipine-induced hypotension. As ni- 
troprusside is a commonly used drug for deliberate 
hypotension, these effects were compared with those 
of nitroprusside in surgical patients during fentanyl- 
nitrous oxide anesthesia. 


Methods 


The protocol was approved by our human investiga- 
tion committee. After consent was obtained, 24 ASA 
physical status I or II patients (12 men and 12 women) 
were studied for management of total hip arthro- 
plasty. Patients were randomly assigned to receive 
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either nicardipine (n = 12) or nitroprusside (n = 12). 
Patients suffering from hypertension or coronary 
diseases were not accepted. Patients taking diuretics, 
calcium channel blockers, or B-adrenergic blockers 
were excluded from the study. 

After oral premedication with diazepam (10 or 
15 mg according to a body weight of <70 kg or 
>70 kg, respectively), anesthesia was intravenously 
induced with thiopental (5 mg/kg) and fentanyl 
(5 ug/kg), followed by intravenous vecuronium bro- 
mide (0.1 mg/kg) to facilitate tracheal intubation. No 
atropine was given. Lungs were mechanically venti- 


lated with an oxygen/nitrous oxide mixture (inspired. 


oxygen fraction = 0.5). The end-tidal carbon dioxide 
tension (Normocap, Datex, Finland) was maintained 
between 32 and 40 mm Hg. Additional fentanyl was 
given every 10 min in doses of 1.5 pg/kg from 
anesthetic induction to the end of the operation, 
except for a dose of 5 ug/kg given at the time of skin 
incision. 

Throughout anesthesia, heart rate (HR) was mon- 
itored by a V; electrocardiogram lead. A Teflon can- 
nula was inserted into the radial artery for systolic 
and diastolic arterial blood pressure measurements. 
A 7.5F triple-lumen thermodilution catheter was in- 
serted through the right jugular vein to measure right 
atrial pressure, mean pulmonary arterial pressure, 
and pulmonary capillary wedge pressure (PCWP). 
The cardiac output was measured by thermodilution 
using iced injectate in triplicate. 

Administration of nicardipine (20 mg in 40 mL of 5% 
dextrose) or nitroprusside (concentration = 100 mg/L) 
was started before surgical incision. As supported by 
Wallin’s dose-ranging studies (5,6), a titration dose of 
nicardipine (10 ug-kg~*-min~*) was administered until 
the mean arterial blood pressure (MAP) reached 
50-60 mm Hg. The initial infusion rate was then re- 
duced. Nitroprusside was administered at an initial rate 
of 1 ug-kg~*-min™*. For each hypotensive drug, the 


infusion rate was modulated to stabilize MAP at 


50-60 mm Hg. The hypotensive drugs were discontin- 
ued abruptly just before the prosthesis was cemented in 
place. Polygeline was infused intravenously to main- 
tain PCWP at greater or equal to 5 mm Hg. Blood 
replacement (packed red blood cells) was begun when 
blood loss exceeded 500 mL. Operative blood loss was 
assessed by weighing sponges, measuring suction 
drainage, and estimating the amount of blood in the 
area of the wound. This was determined blindly by 
nurses unaware of which drug was being used. 
Hemodynamic measurements were performed as 
follows: (a) baseline data, after induction of anesthe- 
sia (B); (b) 10, 20, 30, and 60 min after starting to 
administer nicardipine and nitroprusside (T1, T2, T3, 
and T4, respectively); (c) just before cementing the 
prosthesis at the end of the hypotensive drug admin- 
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istration (T5); and (d) 10, 20, and 60 min after nicar- 
dipine and nitroprusside were discontinued (T6, T7, 
and T8, respectively). The skin incision was per- 
formed after T2 in all patients. In addition, at B, T1, 
T5, T6, and T7, arterial blood samples were drawn for 
determination of plasma renin activity (PRA) and 
plasma catecholamine levels. Plasma renin activity 
was measured by the method of Haber et al. (7) using 
an angiotensin I radioimmunoassay kit (SB-REN-1 
CEA SORIN). Norepinephrine and epinephrine 
plasma concentrations were measured with a double- 
isotope enzymatic assay (8) with a sensitivity of 
1.5 pg/mL for both epinephrine and norepinephrine. 
In five patients in the nicardipine group, arterial 


. blood samples were also drawn for determination of 


plasma nicardipine concentrations at T1, T2, T5, T7, 
and T8. Plasma nicardipine concentrations were mea- 
sured by gas-chromatography using an electron cap- 
ture detector (9). The between-day reproducibility 
was equal to 11.8% at 5 ng/mL and 6.8% at 75 ng/mL. 
The response was linear at least between 0 and 
200 ng/mL. The limit of quantification was 0.5 ng/mL. 
Derived values such as MAP, cardiac index, and 
systemic vascular resistance index, were computed 
according to standard formulas (10). Comparisons 
were made by analysis of variance for repeated mea- 
surements when the two factors involved were treat- 
ment (nicardipine and nitroprusside) and time. After 
a significant F-statistic, multiple comparisons within 
and between groups were performed using Scheffé’s 
method. Unpaired t-tests were used to compare de- 
mographic data, the cumulative dose of hypotensive 
drugs, the duration of their administration, blood 
loss, and fluid replacement. The level of significance 
was set at 0.05. Data are presented as mean + SEM. 


Results 


No differences were observed between groups with 
respect to age, sex, weight, duration of administra- 
tion, and the cumulative dose of hypotensive 
agents (Table 1). The loading dose of nicardipine 
was 4.7 + 1.5 mg. The average time required to 
obtain the desired level of hypotension was 7 min 
(range, 5~9 min). The infusion rates of nicardipine 
and nitroprusside were, respectively, 1.1 + 0.2 and 
1.3 + 0.2 ug-kg~*-min™? from T1 to T2; 1.3 + 0.2 and 
2.4 + 0.7 ug:ke~! min from T2 to T3; 1.4 + 0.3 and 
2.9 + 0.6 ug-kg™*-min™* from T3 to T4; and 2.8 + 0.6 
and 4.2 + 0.8 ug-kg™*-min™' from T4 to T5. The 
cumulative volume of the polygeline and packed red 
blood cells administered was 1260 + 126 mL in the 
nicardipine group and 2110 + 208 mL in the nitro- 
prusside group (P < 0.01). No differences were 
observed in blood loss during the operation (Table 1). 
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Table 1. Summary of Procedures 


Nicardipine  Nitroprusside 
(n = 12) (n = 12) 

Age (vr) 68 + 2 65 +3 
Weight (kg) 67 23 bo 23 
Sex ratio 6M; 6F 6 M; 6 F 
Duration of the administration of 89 + 6 8&7 t 6 

the hypotensive agent (min) 
Cumulative dose of the 16:2 22.1 16.8 + 2.3 

hypotensive agent (mg) 
Bloed loss (mL) 415-2 70 428 + 120 
Transfusion (7) 

No units il 10 

One unit 1 

Two units 0 1 


All values are mean + SEM. 


The hemodynamic effects are shown in Figure 1. In 
both groups, hypotension was obtained at T1 and 
was maintained until the intended end (T5). The 
lowest individual values of MAP were 50 mm Hg in 
the nicardipine group and 51 mm Hg in the nitro- 
prusside group. In both groups, hypotension was 
accompanied by systemic vasodilation, an increase in 
heart rate, and an increase in cardiac index; there 
were no significant changes in PCWP, mean pulmo- 
nary arterial pressure, and right atrial pressure. Ten 
and 20 minutes after discontinuation of nicardipine, 
MAP remained lower than the baseline value and 
was associated with systemic vasodilation and an 
increased cardiac index and HR. Ten and 20 minutes 
after nitroprusside infusion was discontinued, there 
was a significant increase in MAP above baseline 
values. Except for MAP at T6 and T7, there were no 
significant differences between groups. No complica- 
tions during or after the study were observed in 
either group. 

Hormonal data are shown in Figure 2. In both 
groups, there was an increase in PRA from T1 to T 7 
and in plasma epinephrine and norepinephrine levels 
at T5 and T6. For nicardipine, the plasma norepi- 
nephrine concentration remained higher than at 
baseline at T7. There were no significant differences 
between groups with respect to the hormonal data. 

Plasma nicardipine concentration was 89 + 14 ng/mL 
at T1, 83 + 10 ng/mL at T2, 205 + 52 ng/mL at T5, 88 + 
19 ng/mL at T7, and 31 + 3 ng/mL at T8. 


Discussion 


The hemodynamic and hormonal effects of nitroprus- 
side-induced hypotension were similar to those pre- 
viously described with this drug, i.e., marked vaso- 
dilation, increased cardiac output and HR (4), and an 
increase in plasma catecholamine levels and in PRA 
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(11). After abrupt discontinuation of nitroprusside 
and reduction of anesthetic depth, hypertensive re- 
bound was observed, resulting from persistent in- 
creased PRA and catecholamine levels (12,13). Nicar- 
dipine administration resulted in hypotension, 
systemic vasodilation, and increases in HR, cardiac 
output, plasma catecholamine concentrations, and 
PRA, similar to those of nitroprusside. During the 
early stages of both nicardipine- and nitroprusside- 
induced hypotension, no significant changes in HR 
were observed, which may be explained by the doses 
of fentanyl initially administered especially before the 
operation started. Finally, nicardipine allowed us to 
reach the desired level of hypotension quickly. After 
an average titration dose of 5 mg, nicardipine in 
increasing doses from 1 to 3 pg-kg min`! was 
apparently as potent and as easy to use as nitroprus- 
side in reducing arterial blood pressure. Bleeding was 
similar in both groups. 

However, as the intravenous fluid volume re- 
quired to maintain PCWP at least equal to 5 mm Hg in 
both groups was larger in the nitroprusside group 
than in the nicardipine group, the vasodilatory effects 
of nicardipine were probably mostly arterial, in con- 
trast to the arterial and venous effects of nitroprus- 
side (14). In addition, nitroprusside immediately re- 
sulted in increased cardiac output. With nicardipine, 
the increase in cardiac output was delayed despite a 
decrease in afterload. As the filling pressure and HR 
were unchanged, this finding suggests a slight myo- 
cardial depressant effect of nicardipine, which was 
detectable only during the first 30 min of its admin- 
istration when surgical stimulation was absent or low 
and when fentanyl was given at an average dose of 
13 g/kg. Like other dihydropyridine calcium chan- 
nel blockers, nicardipine has negative inotropic prop- 
erties in vitro (15), which are counterbalanced in vivo 
and in conscious subjects by transient compensatory 
reflex (16). However, if some decrease in myocardial 
contractility and an absence of effect on venous 
capacity during nicardipine infusion are the most 
reasonable explanations for the observed cardiovas- 
cular changes, a modified pressure-volume curve and 
therefore an inadequate preload cannot be excluded. 

Our results 10 and 20 min after discontinuation 
indicate that nicardipine differed significantly from 
nitroprusside. Under our experimental conditions 
(i.e., abrupt withdrawal of hypotensive drugs), per- 
sistent hypotension and vasodilation after nicar- 
dipine and a hypertensive rebound after nitroprus- 
side were observed. No clinical complications owing 
to the hypotension in the nicardipine group and the 
hypertension in the nitroprusside group were ob- 
served. It is well established that rapid disappearance 
of nitroprusside leads to unopposed effects of high 
plasma levels of angiotensin H and catecholamines 
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(12,13). This results in hypertensive rebound that can 
be counteracted by small doses of -adrenoceptor 
antagonists (13). In our study, the same hemody- 
namic support, i.e., similar increase in PRA and 
plasma catecholamines levels, failed to increase arte- 
rial blood pressure in the nicardipine group. There- 
fore, our results indicate that nicardipine can be used 
to induce deliberate hypotension during the opera- 
tion but results in less evanescent effects than nitro- 
prusside, leading after the operation to persistent 
hypotension despite significant increase in PRA and 
catecholamines. Finally, 1 h after drug discontinua- 
tion, there were no significant hemodynamic differ- 
ences between nicardipine and nitroprusside. 

The therapeutic range of nicardipine is reached 
when the plasma concentration is above 20 ng/mL 
(17). Although we measured plasma nicardipine in 
only five patients, our results suggest that, after 
administration was stopped, significant hypotension, 
vasodilation, and increased HR were due to persis- 
tent plasma nicardipine levels. In addition, the elim- 
ination half-life of nicardipine (1 h after a single 
intravenous bolus) increases significantly when a 
continuous intravenous infusion is administered, 
reaching a range of 4-8 h (1). Furthermore, operation 
and anesthesia may interfere with drug disposition, 
leading to a decrease in systemic clearance and an 
increase in plasma concentration (18). Consequently, 
continuous administration of nicardipine to induce 
deliberate hypotension during anesthesia may result 
in cumulative effects that persist after the discontin- 
uation of infusion. Further studies are needed to 
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establish whether nicardipine can also be used to in- 
duce deliberate hypotension during operations of long 
duration or during other anesthetic paradigms without 
inducing adverse effects such as too great a decrease in 
arterial blood pressure or low cardiac output. 

This study is the first clinical report showing that a 
calcium channel blocker, nicardipine, can be used to 
induce deliberate hypotension. During fentanyl- 
nitrous oxide anesthesia and operations of relatively 
short duration, a moderate level of hypotension was 
easy to obtain and maintain. However, nicardipine 
may result in cumulative effects, with the possibility 
of persistent vasodilation and hypotension. Thus, 
our results suggest that nicardipine is not an ideal 
agent in controlling arterial blood pressure because of 
its inability to promptly increase arterial blood pres- 
sure by reducing the infusion rate. 


The authors thank F. Bodinier, RN, for technical assistance and 
D. David, Mp, and the Sandoz France Laboratory for supplying 
nicardipine and providing plasma nicardipine determinations. 
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CASE REPORTS 


Venous Air Embolism During Lumbar Laminectomy in the 
Prone Position: Report of Three Cases 


Maurice S. Albin, MD, MSc (Anes), Richard R. Ritter, MD, Chester E. Pruett, MD, 


and Karin Kalff, MD 


Department of Anesthesiology, University of Texas Health Science Center, San Antonio, Texas 


he possibility that venous air embolism (VAE) 

may occur during surgical procedures in the 

prone position is quite remote. This is because 
virtually no gravitational gradient exists between the 
incisional area and the right side of the heart and 
because the relatively high central venous pressure 
generated in the prone position would further inter- 
dict the chance of VAE. We present three patients in 
whom VAE occurred in the prone position during 
lumbar laminectomy. 


Case Reports 


Table 1 compares the salient demographic character- 
istics of the three patients. 


Case 1 


After induction of anesthesia, the patient was moved 
to the operating table and positioned onto a Hasting’s 
frame. The induction and maintenance of anesthesia 
were uneventful for 5 h; arterial blood pressure 
(BP) at that time was 135/80 mm Hg; heart rate, 
60 beats/min; controlled ventilation with a minute 
volume of 8 L; central venous pressure, 0; Paog, 
210 mm Hg; and Paco,, 38 mm Hg. The estimated 
blood loss of 1850 mL was replaced with 3 U of 
packed red cells and 3 U of fresh frozen plasma. Five 
hours and 15 min after induction of anesthesia, the 
precordial Doppler was activated, the BP decreased 
to 110/60 mm Hg, heart rate remained at 60 beats/ 
min, and 4 mL of air was aspirated from the multi- 
orificed catheter’s central line. Unfortunately, the 
capnograph malfunctioned making it not possible to 
obtain a reading at the time of Doppler activation. 
The area about the epidural veins was flooded; he- 
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mostasis was checked; the N,O-isoflurane mixture 
was discontinued; and 100% O, was inspired. No 
further episodes of VAE occurred during the remain- 
ing 4 h of the operation, and the patient recovered 
uneventfully. 


Case 2 


After induction of anesthesia, the patient was turned 
prone and placed on a four-poster frame. Induction 
and maintenance of anesthesia were problem-free for 
5 h and 25 min, at which time vital signs showed a BP 
of 100/60 mm Hg, normal sinus rhythm, heart rate of 
96 beats/min, controlled ventilation with a minute 
volume of 7.5 L, and an estimated blood loss of 
800 mL. Five minutes later, bradycardia and hypo- 
tension progressed to asystole. The patient was then 
turned supine and cardiopulmonary resuscitation 
was instituted to no avail with death ensuing. An 
autopsy performed 24 h later indicated the presence 
of air bubbles in the coronary blood vessels. When 
the pericardium was opened under water and the 
right ventricle was excised, 40 mL of air exited. The 
autopsy noted massive air embolism as the cause of 
death. The postmortem report did not indicate 
whether a probe patent foramen ovale was present or 
whether air was present in the great vessels or other 
heart chambers. 


Case 3 


The patient was placed prone on a four-poster frame 
after induction of anesthesia and was stable for 
approximately 3 h and 50 min after surgical incision, 
with a BP of 130/75 mm Hg, heart rate of 60 beats/ 
min, and ventilation controlled with a minute volume 
of 7 L. The O, saturation was 98%; central venous 
pressure, 8.0 mm Hg; end-tidal CO, (Etco3), 
36.0 mm Hg; estimated blood loss, 2.5-3 L; and the 
patient received 3.9 L of lactated Ringer’s solution 
and 1,25 L of blood through a Cell Saver. Five 
minutes later, a sudden “whirring” noise was heard 
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Table 1. Demographic Variables 


Patient 1 
Age (yr) 20 
Weight (kg) 113 
Sex, ASA MH 
Past history Hypertension, DM, mild COPD, 


lumbar laminectomy once 


Proposed surgery Lumbar laminectomy with 
fusion L4-5 
Monitoring ECG, BP cuff (automatic) 


esophageal stethoscope, 
temperature probe, 
capnograph, arterial line, 
central line, precordial 
Doppler 

Multiorificed, localized by x-ray 
with tip at junction of right 
atrium—superior vena cava 


Central line 


Anesthesia Thiopental, fentanyl, diazepam, 
50% NO, halothane, 
isoflurane, pancuronium 

Position Hasting’s (Canadian) frame 

Outcome Survived 


Postmortem findings 


Patient 2 


40 

137 

M, i 

Hypertension, lumbar 
laminectomy once 

Lumbar laminectomy with 
fusion L3-4 

ECG, BP cuff (automatic), 
esophageal stethoscope, 
mass spectrometer (old, no 
continuous CQ;), 
temperature probe 


None 

Thiopental, fentanyl, 70% NO, 
isoflurane, atracurium 

Four-poster frame 


Died 
Air in coronary arteries, 40 mL 
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Patient 3 


40 

105 

M,II 

Former smoker, lumbar 
laminectomy twice 

Lumbar laminectomy 
with fusion L5-S1 

ECG, BP cuff (automatic) 
pulse oximeter, 
esophageal 
stethoscope, 
capnograph, central 
line (double lumen) 

Single orifice, double 
lumen, tip in proximal 
right atrium 

Midazolam, thiamylal, 
sufentanil, 50% N-O, 
atracurium 

Four-poster frame 

Died 

Massive air in coronary 


arteries, heart, spinal 
cord, cerebral and 
mesenteric circulation; 
probe-closed foramen 
ovale 


air in right ventricle 


M, male; DM, diabetes mellitus; COPD, chronic obstructive pulmonary disease; ECG, electrocardiogram; BP, blood pressure; RA, right atrium; 
SVC, superior vena cava; ASA, American Society of Anesthesiologists risk classification. 


through the esophageal stethoscope. The electrocar- 
diogram exhibited a left ventricular strain pattern and 
ST depression. Aspiration of the central line was 
negative, the N,O and isoflurane were discontinued, 
and 100% O, was instituted. The Etco, decreased 
precipitously to less than 10 mm Hg in 1 min and 
then to 0 mm Hg. The systolic BP decreased to 
60 mm Hg and then was unrecordable. The patient 
was turned supine, and cardiopulmonary resuscita- 
tion was carried out for 45 min but was ineffective 
and the patient died. The pathological diagnosis 
derived from an autopsy indicated that massive air 
embolism was the cause of death. Air bubbles were 
seen throughout the vasculature of the cerebral cir- 
culation, the coronary arteries, the arborization of the 
mesenteric vessels, and along the course of the ante- 
rior spinal artery. The right ventricle was virtually 
collapsed, and when opened under water, a few large 
bubbles of air were noted. The foramen ovale was 
examined and found to be probe-closed. 


Discussion 


Venous air embolism in the prone position (with a 
fatal outcome) was first reported in 1969 by Shenkin 


and Goldfedder (1) during a craniotomy for a poste- 
rior fossa exploration in which the head was elevated 
10 cm above the heart level and 10 cm H,O of 
negative pressure was applied to the expiratory 
phase using a Bird ventilator. Meridy et al. (2) re- 
viewed the complication seen during neurosurgery in 
the prone position, evaluating 120 procedures in 107 
children. Although neither a precordial Doppler nor 
central line was available, the diagnosis of VAE was 
made on clinical grounds in two patients. Albin et al. 
(3) described the occurrence of VAE in a patient 
undergoing laminectomy in the prone position with a 
gravitational gradient not exceeding 5 cm. 

One of the critical factors in all three patients 
relates to the type of positioning used to secure the 
prone position. The use of the Hasting’s (Canadian) 
(4) frame and the four-poster frame (5) both decrease 
the intraabdominal pressure and increase the inter- 
laminar space in the lumbar spine (6). In both posi- 
tions, the abdomen hangs free and the lower extrem- 
ities are dependent. Furthermore, the legs need to be 
wrapped to avoid pooling of blood. DiStefano et al. 
(7) evaluated the vena caval pressures in six variants 
of the prone position used for low back surgery and 
found that patients in the Hasting’s frame generated 
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Figure 1. Patient in prone position using the Hasting’s (Canadian) 
frame. Note the unimpeded abdomen (arrow) and the gravitational 
gradient íG) that exists between the area of the spinous process 
ard the right side of the heart. (Reprinted with permission of 
publisher. Copyright 1978, American Medical Association. From 
Albin MS et al. Atrial catheter and lumbar disk surgery. JAMA 
1978;239:496.) 


caval pressures ranging from +2.0 to ~6.6 cm H,O. 
One may speculate that similar caval pressures would 
be obtained in the four-poster position as there is also 
no restriction on movement of the abdomen. One 
must also realize that a considerable gravitational 
gradient can exist between the right side of the heart 
and the vertebra in the prone position (Figure 1). In 
patient 1, the gradient was calculated to be 15 cm. In 
the face of an increased gravitational gradient, a 
contracted blood volume, or inadequate intravascular 
volume replacement and a position that would en- 
hance a negative caval pressure, the ingredients 
necessary to favor the entrainment of air into the 
venous circulation are present. 

The entrance of air was indeed a sudden occur- 
rence in all three patients. In patient 1, air was 
detected early by use of the Doppler; in patient 2, 
ey was no premonitory warning; and in patient 3, 

“whirring” sound was perceived through the 
esophageal stethoscope just before cardiac arrest. The 
“whirring” sounds correspond to the classical 
“churning” (millwheel) murmur described by 
Erichsen in 1844 (8). In animal experiments using air 
infusion, Adornato et al. (9) described the exquisite 
sensitivity of the ultrasonic Doppler for ait bubble 
detection at an infusion rate of 0.02 mL-kg™!-min™'. 
In contrast, the esophageal stethoscope can de- 
tect the “‘millwheel’” murmur at the rate of 
1.7 mL-kg~'-min™! being 35 times less sensitive (9). 
Albin and coworkers (3) have indicated that the 
precordial Doppler can detect less than a 0.1-mL 
volume of air passing its beam in a 70-kg individual 
for a sensitivity of 0.0014 mL/kg. End-tidal CO, 
quickly decreased in patient 3; Chang et al. (10) and 
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Gildenberg et al. (11) found that Etco, ranks second 
to the precordial Doppler in terms of sensitivity of 
routine monitoring for air bubble detection (12). The 
Etco, was not available in patient 1 because of a 
malfunctioning capnograph. In patient 2, it was part 
of an old mass spectroscopy system that did not give 
a continuous Etco, output. Although the postmor- 
tem findings in patient 2 indicated VAE as the cause 
of death, the autopsy unfortunately was not complete 
in that the pathologist neglected to evaluate the 
probe-patency of the foramen ovale. Hagen et al. (13) 
studied 965 autopsy specimens of human hearts and 
described the overall incidence rate of patent foramen 
ovale to be 27.3% with a mean potential diameter of 
4.9mm. The nonexistence of a probe-patent foramen 
ovale in patient 3 indicated the transpulmonary 
movement of VAE into the left side of the heart. 
Marquez et al. (14) described a death due to VAE 
occurring in the sitting position during posterior 
fossa surgery in which the autopsy showed a non- 
probe-patent foramen ovale. 

Butler and Hills (15,16) have done pioneering work 
in delineating the conditions under which the 
transpulmonary passage of venous air emboli occurs. 
They demonstrated a threshold in dogs in which air 
infusion rates below 0.3 mL-kg~!-min™! allowed 
complete filtration of the bubbles by the lung. oo 
ever, at air infusion rates above 0.3 mL- ‘ke? 
min” ', spillover into the arterial circulation scourge 
in 50% of the animals. When air infusion was in- 
creased to 0.4 mL-kg™?-min™', 70% of the animals 
demonstrated that the transpulmonary passage of air 
emboli occurred (16). Butler and Hills also noted that 
pulmonary vasodilators (aminophylline) enhanced 
transpulmonary passage (15). That the bubble break- 
through phenomenon may involve a degree of spe- 
cies specificity can be seen in the study of Vik and 
coworkers (17) who used a pig model because of the 
similarity of the porcine vasculature and physiologic 
responses to those of humans. They found that the 
threshold for bubble breakthrough in the Pig oc- 
curred at an infusion rate of 0.1 mL-kg~’-min™', on 
an order of magnitude three times less than that 
found by Butler and Hills (16). The mean transit time 
(from beginning of an infusion to start of bubble 
breakthrough) was 15.4 + 1.9 (sE) min in one group 
and 17.2 + 9.2 (se) min in another group of animals. 
In one infusion group (0.1 mL-kg™':min™'), the 
total air volume infused to produce bubble break- 
through was 36 mL; and in a second infusion group 
(0.2 mL-kg~'-min™'), it was 81.6 mL. In both studies 
of Butler and Hills (16) and Vik et al. (17), there were 
marked increases in pulmonary artery pressures and 
pulmonary vascular resistances whereas mean arte- 
rial blood pressures and cardiac outputs decreased. 

The studies of Butler and Hills (15,16) and Vik et 
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al. (17) indicate that significant volumes of air need to 
be entrained before transpulmonary passage of air 
occurs, and their investigations used Doppler tech- 
nology for air bubble detection. The precordial Dop- 
pler has an extraordinary sensitivity and appears to 
be in the same range as two-dimensional echocar- 
diography (12). Although the Hasting’s frame, four- 
poster frame, or other devices used to free the abdo- 
men from compression in the prone position help to 
decrease engorgement of the venous plexuses and 
hence decrease bleeding, the resulting decreased 
caval pressure can increase the gravitational gradient 
and hence place the patient at risk for VAE. A 
depleted blood volume and/or inadequate volume 
replacement may further enhance the chance for 
VAE. In the first patient the ability of the precordial 
Doppler to detect air and the ability to aspirate air 
using a multiorificed catheter were indicated. Patient 
2 demonstrates the rapidity with which air can be 
entrained and cardiac arrest can develop with little or 
no premonitory clinical signs. In patient 3, hemody- 
namic collapse occurred within 1 min after the whir- 
ring-millwheel murmur sounds were heard, and no 
air could be aspirated from either orifice of the 
double-lumen central line. Unfortunately, the distal 
lumen orifice of the line was in the proximal right 
atrium, a location where effective aspiration has been 
shown to be minimal (18). 

These three cases indicate the need for serious 
consideration of complete monitoring for VAE when- 
ever a patient is placed prone using any of the 
positioning techniques that allows for free movement 
of the abdomen. The monitoring methods would 
include the use of a precordial Doppler, end-tidal 
CO, measurements, and the use of a multiorificed 
central line in which the tip is localized either at the 
right atrium—superior vena cava junction or at 2 cm in 
the right atrium. The central line serves for aspiration 
and can also be used for central venous pressure 
monitoring. The efficacy and superiority of the mul- 
tiorificed catheter for air aspiration have been noted 
by Colley and Artru (19) as well as by Bunegin et al. 
(18). It is the practice of the two of us (M.S.A., 
R.R.R.), to monitor the arterial blood pressure using 
an indwelling arterial line in all these cases. This 
allows for a continuous display of arterial blood 
pressure and for a blood port from which samples can 
be drawn for analysis of arterial blood gases and 
other determinations. In patient 2, the concentration 
of NO used was 70%, whereas 50% N.O was used in 
the other two patients. It is important to remember 
that at a 50% N-O concentration the volume of 
entrained air is doubled, and at a 70% NO concen- 
tration the air volume is more than tripled (20). In the 
past 18 mo, we (M.5.A., R.R.R.) have eliminated 
N-O as part of our anesthetic technique in these 
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cases. We believe that early Doppler-Etco, monitor- 
ing and rapid aspiration of a correctly placed central 
line together with the immediate alerting of the 
surgeon would help to decrease further entrance and 
to attenuate the serious sequelae of VAE. Finally, it is 
important to report these types of cases in the med- 
ical literature so that we may be able to perceive an 
estimate of the true incidence rate of VAE under these 
conditions. 
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Lung Laceration After Tracheal Extubation Over a Plastic 


Tube Changer 
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tiff plastic, gum bougie, or woven stylets have 

become popular as introducers in difficult tra- 

cheal intubations and for replacement of endo- 
tracheal tubes (1). Additionally, they may be left in 
the trachea during tracheal extubation of patients 
with abnormal airway anatomy to assist if emergent 
reintubation is required. The recommended tech- 
nique for ascertaining tracheobronchial placement of 
the bougie is the detection of a firm resistance to 
further passage of the stylet (2,3). 

We report a case of pneumothorax and lung ab- 
scess after extubation of the trachea over a plastic 
tracheal tube changer (TTC) JEM 400, TTC; Instru- 
mentation Industries, Bethel Park, Penn.) in which 
the TTC was advanced until a firm resistance was felt. 


Case Report 


A 38-yr-old man with osteogenesis imperfecta pre- 
sented for ventriculoperitoneal shunt placement be- 
fore removal of the odontoid process to relieve brain- 
stem compression. Because of abnormal airway 
anatomy, sedation and local anesthesia were used to 
facilitate tracheal intubation over a fiberoptic bron- 
choscope. The intraoperative course was uneventful. 
His trachea was extubated in the recovery room but 
required reintubation because of upper airway ob- 
struction. The reintubation was very difficult. 

The following day, the patient was alert, coopera- 
tive, and all criteria for tracheal extubation were met. 
With the cuff deflated, there was a large leak around 
the endotracheal tube (ETT), and the patient could 
breathe around the tube when the lumen was oc- 
cluded. 

After instillation of 4% lidocaine down the ETT, a 
TTC was gently inserted down the ETT until slight 
resistance was met. The ETT was removed over the 
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TTC. Gas flow through the TTC was evident and 
breath sounds were clear.and equal bilaterally. Oxy- 
gen was supplied via a face mask. 

For the first 10 min the patient was comfortable, 
able to communicate effectively, and had a clear 
airway and no dyspnea. Soon thereafter he devel- 
oped respiratory difficulty, with prolonged and force- 
ful expirations. Agitation and tachycardia were noted 
but there was no apparent upper airway obstruction. 
Attempts to thread ETTs over the TTC were unsuc- 
cessful, the TTC having softened after having been 
exposed to body temperature for several minutes. As 
the patient’s level of consciousness started to deteri- 
orate, complete airway obstruction developed. Per- 
forming laryngoscopy with a Macintosh No. 3 blade 
opened the airway, but no recognizable structures 
could be visualized. The heart rate decreased to 52 
beats/min and the hollow TTC was connected to 
oxygen at a flow of 5 L/min, and 1 mg of atropine was 
given. intravenously. Laryngoscopy was unsuccess- 
fully attempted with different blades. Subcutaneous 
emphysema began to develop. The patient continued 
to deteriorate and began seizing. Ventilation via a bag 
and mask and an oral airway was ineffective. Systolic 
arterial blood pressure decreased to 70 mm Hg witha 
fraction of inspired oxygen of 1.0. Partial arterial 
pressure of oxygen was 40 mm Hg, pH, = 7.26, and 
partial arterial pressure of carbon dioxide was 
24 mm Hg. A cricothyrotomy was performed and a 
5-mm cuffed ETT was inserted. Breath sounds were 
not heard over the left side of the chest and chest 
roentgenogram confirmed a left pneumothorax, 
which was drained by thoracostomy tube placement. 
Arterial saturation and arterial blood pressure im- 
proved immediately, and the patient recovered con- 
sciousness a few hours later. 

The patient was taken to the operating room. to 
revise the cricothyrotomy and change it to a trache- 
ostomy. A roentgenogram taken in the recovery 
room after conversion of the cricothyrotomy to a 
tracheostomy showed a 2 X 4cm lucency in the 
midportion of the left lung with the characteristic oval 
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Figure 1. Chest roentgenogram taken after reexpansion of the 
pneumothorax. Note the persistent ovoid lucency in the left 
mid-lung field (arrow), characteristic of a lung laceration. 


shape of a lung laceration (Figure 1). A moderate 
amount of air was present in the soft tissues of the 
chest, but there was no evidence of air in the neck or 
mediastinum. Subsequently, an abscess developed in 
the superior segment of the left lower lobe where the 
2 x 4-cm air lucency had been present. The abscess 
resolved with antibiotic therapy. 


Discussion 


This patient had no prior history of lung disease yet a 
tension pneumothorax developed after placement of 
the TTC and removal of the ETT. Localized air collec- 
tion in the central area of the left lung also developed, 
consistent with lung laceration. Pneumothorax, 
pneumomediastinum, hydrothorax, bronchopleural 
fistula, subcutaneous emphysema, and lung abscess 
have been ascribed to stylets, small-bore feeding 
tubes, polyvinyl feeding tubes, and other relatively 
stiff objects introduced into the airway (4,5). 
Roubenoff and Rovick (6) presented four cases of 
pneumothorax caused by intrapulmonary placement 
of small-bore nasogastric feeding tubes, and their 
review of the literature revealed 106 cases of similar 
complications. The senior author (M.B.) has seen two 
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other cases of pneumothoraces after tracheal tube 
changes over woven stylets (Eschmann gum-elastic 
bougie). However, in these two cases, underlying 
lung disease and mechanical ventilation raised ques- 
tions about a causal relationship. Given the numer- 
ous reports of lung trauma with insertion of plastic 
gastric tubes, it is not surprising that occasional 
trauma will occur with blunt tracheal tube changers. 

Kidd et al. (2) found that firm resistance to passage 
of a gum elastic bougie was felt between 24 and 40 cm 
during 100 attempted tracheal intubations. They as- 
sumed that the resistance occurred when the bougie 
reached the small bronchi. We disagree with the 
recommendation that the bougie or TTC be inserted 
until there is a firm resistance and suggest that 
measurement and use of markings to limit the depth 
of insertion are warranted. A distance of 40 cm from 
the lips seems potentially hazardous, as a study of 59 
subjects found that incisor-carina distances ranged 
from 23.0 to 31.5 cm (7). Thus, 40 cm could easily 
result in very peripheral placement of such a stylet. In 
changing a tube, a distance of no more than 23 cm 
from the lips should result in good intratracheal 
position in most patients (8). 

In our patient, grossly abnormal anatomy created a 
very short distance from the lips to the carina and 
undoubtedly contributed to overly deep insertion of 
the TTC with consequent laceration of the lung. 
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Hematoma After Epidural Anesthesia: Relationship of Skin 


and Spinal Angiomas 
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cervicothoracic epidural hematoma devel- 

oped immediately after a carotid endarterec- 

tomy under cervical epidural anesthesia in an 
elderly man who was found to have a venous angi- 
oma in the epidural space and a cutaneous venous 
angioma over the left clavicular area. Congenital 
spinal arteriovenous abnormalities frequently have 
vascular channels communicating with metameric 
cutaneous vascular abnormalities (1-8). A cutaneous 
angioma may indicate the presence of a hazardous 
lesion in the epidural or spinal area. 


Case Report 


A 71-yr-old man was admitted with a history of 
increasingly frequent transient cerebral ischemia at- 
tacks, previous myocardial infarction, irregular 
rhythm and angina, remote upper gastrointestinal 
bleeding, and hypertension. Medications included 
digitalis, quinidine, propranolol, nitroglycerin, and 
isoptocarpine. Positive findings on physical examina- 
tion included an arterial blood pressure of 
210/110 mm Hg, bruits over both carotid arteries, and 
a prominent plexus of dilated intracutaneous and 
subcutaneous veins over the upper left chest and 
neck reported as present for many years. Emergency 
carotid angiography was performed, which showed 
severe stenosis of the left common carotid at the 
bifurcation and an ulcerated plaque of the right 
internal carotid above the bifurcation. Treatment was 
begun with enteric-coated aspirin tablets, 600 mg 
every 4 h. Laboratory studies were within normal 
limits including a prothrombin time of 11.7/12.3 s 
(patient/control) a partial thromboplastin time of 
38/35 s, and platelets of 185,000 mm~*. The electro- 
cardiogram showed sinus rhythm, a heart rate of 65 
beats/min, poor R-wave progression, and nonspecific 
ST-T wave changes (digitalis effect) with no.changes 
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from 6 yr previously. Chest radiogram showed 
chronic diffuse fibrosis. 

A left carotid endarterectomy was performed un- 
der cervical epidural and skin infiltration anesthesia. 
The initial placement of an epidural catheter through 
a No. 17 Tuohy needle using 10 mL of 0.5% bupiv- 
acaine resulted in right-sided shoulder and neck 
anesthesia. Replacement using 3% chloroprocaine in 
10-mL increments to a total of 60 mL for the 180-min 
operation provided satisfactory anesthesia from C2 to 
T2 bilaterally. No paresthesia or return of blood or 
cerebrospinal fluid occurred. The surgeon infiltrated 
the skin with 1% lidocaine. The arterial blood pres- 
sure varied between 220/100 and 150/100 mm Hg. 
Heparin (5000 U) was given intravenously before 
cross-clamping the carotid artery and the surgery was 
completed with minimal blood loss. Diazepam 
(10 mg), fentanyl (200 ug), and 5% dextrose in lac- 
tated Ringer’s solution (1300 mL) were given intrave- 
nously during the 150-min procedure, and the patient 
remained responsive and comfortable. The epidural 
catheter was removed intact and the patient was 
transferred to the recovery room. 

The patient, receiving nasal oxygen for 30 min 
with no changes in vital signs, began to complain of 
discomfort in the chest, left arm, and upper back. He 
became restless, diaphoretic, and coughed vigorously 
producing some frothy pink-tipped sputum. Because 
of the hypertension, history of myocardial infarction, 
and fluid volume given during surgery, a diagnosis of 
left ventricular failure was considered. A portable 
chest radiogram showed diffuse haziness, which was 
not significantly changed from the preoperative film. 
Sublingual nitroglycerin and intravenous fentanyl 
provided partial relief. Arterial blood pressure re- 
mained 200/100 mm Hg and the electrocardiogram 
was unchanged. Within minutes, left leg weakness 
developed and progressed to complete motor paral- 
ysis. Touch and pain sensation remained on the left 
leg but were lost on the right leg. The diagnosis of 
Brown-Sequard syndrome from epidural hematoma 
was made, and emergency cervical laminectomy was 
scheduled. The paraplegia became bilateral and arm 
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weakness developed. The systolic blood pressure 
decreased to 80 mm Hg, requiring fluid, ephedrine, 
and neosynephrine infusion to restore an arterial 
blood pressure of 180/80 mm Hg. 

About 140 min after completion of the carotid 
endarterectomy, endotracheal intubation was per- 
formed under topical anesthesia. Intravenous fenta- 
nyl, ketamine, and pancuronium and inhalation of 
50% nitrous oxide and oxygen provided anesthesia. 
The patient was placed on his left side for the cervical 
laminectomy. Blood coagulation studies done at this 
time were unchanged from those done preopera- 
tively. A hematology consultant indicated that no 
abnormal coagulopathy was present. Large variations 
in arterial blood pressure required continuous intra- 
venous neosynepherine, intermittent ephedrine, and 
rapid blood and fluid infusion. An epidural he- 
matoma was found extending from C7 to T3. An 
extensive plexus of “wormlike” veins covered the 
dura from C5 to T1. Partial excision and coagulation 
of the plexus resulted in a 2200-mL estimated blood 
loss, Which was replaced by 1000 mL of blood, 
500 mL of platelet concentrates, 1500 mL of 5% 
dextrose in lactated Ringer’s solution, and 500 mL of 
5% dextrose in water. With decompression of the 
spinal cord, the arterial blood pressure stabilized 
without further vasopressor support. 

Postoperatively the patient awakened promptly, 
was oriented, and had no motor or sensory deficit. 
He continued to experience occasional angina. Severe 
chest pain with electrocardiographic changes devel- 
oped on the third postoperative day and a myocardial 
infarction was diagnosed. His cardiac status contin- 
ued to deteriorate until his death 2 wk after surgery. 
Permission for postmortem examination was not ob- 
tained. 


Discussion 


Although chest, arm, and back pain in the recovery 
room were first thought to be of cardiac origin, they 
more likely resulted from spinal cord and nerve root 
compression from the epidural bleeding. Trauma to 
the epidural angioma during the placement of the 
epidural catheter initiated the bleeding. Aspirin for 2 
days before surgery and low-dose heparin during 
surgery are unlikely major contributors to the he- 
matoma as no bleeding from the edges of the wound, 
hematologic abnormalities, or delayed clotting were 
identified. Ligation during carotid surgery of venous 
drainage from the angioma and severe coughing after 
surgery may have contributed to the extent of the 
epidural bleeding. 

This 1977 event was not reported until now be- 
cause the relationship of cutaneous and spinal angi- 
omas was not recognized until a chance finding of an 
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illustration by Netter (8) stimulated the literature 
search. Twenty percent of patients with congenital 
cutaneous arteriovenous abnormalities have associ- 
ated spinal angiomas in the same metamere (4). 
The metameric relationship is supported in this pa- 
tient by the common arterial and venous supply to 
the upper chest wall and the spinal column (5). 
Vascular abnormalities in relation to the vertebrae, 
the epidural space, and the spinal cord, although 
rarely the cause of symptoms, have been reported 
in 11% of autopsies where the spine has been exam- 
ined (6) and represent 3%-4% of all symptomatic 
spinal lesions (7). Spontaneous epidural or subarach- 
noid hematomas can occur in patients with a spinal 
angioma after straining or coughing (2). Spinal cord 
pressure symptoms from enlargement of an angioma 
are found during the third trimester of pregnancy 
(9,10). This has been attributed to progesterone and 
the increased venous pressure exerted by the en- 
larging uterus (9). Engorgement of the epidural veins 
also results from obstruction of outflow by a spinal 
tumor (11). 

In summary, a hematoma resulted from rupture of 
an unrecognized epidural venous angioma during 
epidural anesthesia for a carotid endarterectomy 
in a patient with a cutaneous angioma in the same 
metamere. Although aspirin and heparin were 
administered, abnormal coagulopathy could not 
be demonstrated. The ligation of venous drainage 
from the area during the surgery and severe cough- 
ing in the postoperative period are probable con- 
tributing factors. As vascular abnormalities in the 
epidural or subarachnoid space are associated with 
cutaneous angiomas, this relationship should be 
considered when administering spinal or epidural 
anesthesia in the same metamere as a cutaneous 
lesion. 


The author thanks Helmut F. Cascorbi, MD, and Russell Hardy, Jr., 
MD, for review of the manuscript and encouragement in its prep- 
aration. 
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—adapted from Herregods et al, p 364* 
* Significant difference (P< .05) from previous value. 
**P< .02. (Mean and SEM values are shown.) 
After a loading dose of 2 mg/kg, anesthesia was maintained with 150 g/kg/min for 
30 minutes—then 100 wg/kg/min for 90 minutes 





E Total body clearance exceeds 
estimates of hepatic blood flow’ 





ecove:yand 
nesthetic control 


Hemodynamic effects are controllable 
and dose-dependent 


E Blood pressure yi sig ag decreases on 
induct On {sor et 


m Hemodynamic effects during induction are 


generally more pronounced than with traditional 
IV induction agents 


After initial decreases in BP following induction, | 
hemodynamics return toward baseline 


The cardiovascular effects of DIPRIVAN may be increased in patients who have received sedative or narcotic premedications.' 


DIPRIVAN is not a narcotic agent 
When used with NoO/O, for maintenance, supplementation with IV analgesic agents is generally required; muscle relaxants may also 
be required. 
Strict aseptic techniques must always be maintained while handling DIPRIVAN. DIPRIVAN is a single-use parenteral product 
and contains no antimicrobial preservatives. DIPRIVAN Injection should be prepared for use just prior to initiation of each 
individual anesthetic procedure. DIPRIVAN Injection should be drawn into sterile syringes immediately after ampules are 
opened. Administration should commence promptly and be completed within 6 hours after the ampules have been opened. 
“Elderly, debilitated, and/or hypovolemic patients, and those rated ASA III/IV, may have more profound adverse 
cardiovascular responses. 
"Induction dose requirements may be reduced. 


Please see last pages of this advertisement for brief summary of prescribing information. 


d a 
oe) i 3 -i = 
| d ‘ 2 i | W : 
f g 7 on l t 
| gi l | r Bag } le 
| Í f { 
i i Log. i [ i 


DIPRI VAN 


INJECTION p ‘0 D 0 fol 





For induction and maintenance 


DIPRIVAN | 


INJECTION D ro 0 0 10 / 


= 

See 
PA 

a 


4 


a” 
7 


# 
y 


y 


Superior x 


‘ 
ie ite -e å ; 
à a As : q 
aa yo a £. Re > n 
Fa ET 4 3 p i i f. : 
F welt a HEA i 
E y _ tle 
f > aa Lu Kir Em ~ = ’ Ae 4 
ee. P| Bk at oe. - & 
7 g i SI es PEL oe A 
i z nge -O T 4 X 
f . ab i ri a i R jt a. x 
4 im" Š . k f gA "i ‘ 
; Á : Pi 7 4 . 


p" f Z 


$ ~ 
~ ad . 7s e ` P 
TA 3 k a s 
k ( i Aa aN 
. n R £ r x ‘ x 
: ; tT ‘ te ñ os 
~ netty pel Tr A ", 
is om, right al Kod Ye y “ 
cd rz F + 4 a 
ms hy oN a2 "ay # A g 4s | fee 
Hi diy i wh P? Si a £ Pag” 
f F: 2 ġà 
F 4 “ý , s ` & AT 7 ~ wW 
4% % % h Wan A : 
: 
. 7 


As part of a balanced anesthetic technique, - 
DIPRIVAN is a cost-effective alternative to 
thiopental/isoflurane for induction and 
maintenance. 


E Significantly improved speed and quality of recovery 
compared with thiopental/isoflurane 


E Significantly less nausea and vomiting than with 
thiopental/isoflurane 


m As convenient and as easily controlled as isoflurane 
for maintenance of anesthesia 


References: 1. Korttila K, Faure E, Apfelbaum J, Ekdawi M, Prunskis J, Roizen M. Recovery from propofol versus thiopental-isoflurane in 
patients undergoing outpatient anesthesia. Anesthesiology. 1988;69(3A):A564. Abstract. 2. Wetchler BV. A comparative evaluation of 
recovery following anesthesia with Diprivan® (propofol) by intravenous infusion versus Diprivan® followed by isoflurane versus 
thiopental sodium followed by isoflurane for short surgical procedures. Data on file, Stuart Pharmaceuticals, Wilmington, Delaware. 

3. Sung YF, Reiss N, Tillette T. The differential cost of anesthesia and recovery with propofol-nitrous oxide anesthesia versus thiopental- 
isoflurane-nitrous oxide. Anesth Analg. 1990;70:S396, Abstract. 4. Herregods L, Rolly G, Versichelen L, Rosseel MT. Propofol combined 
with nitrous oxide-oxygen for induction and maintenance of anaesthesia. Anaesthesia, 1987;42:360-365. 5. Cockshott ID. Propofol 
(‘Diprivan’) pharmacokinetics and metabolism: an overview. Postgrad Med J. 1985;61 (suppl 3):45-50. 
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INJECTION 
10 mg/mL 


mont PLOPOIO 


Se fuit prescribing information, see package insert. l l 
NDICATIONS AND USAGE: DIPRIVAN Injection is an IV anesthetic agent that can be used for both induction 
and/or maintenance of anesthesia as part of a balanced anesthetic technique for inpatient and outpatient surgery. 
DIPRIVAN Injection is not recommended for obstetrics, including cesarean section deliveries, because there 
are insufficient data to support its safety to the fetus. (See PRECAUTIONS.) DIPRIVAN Injection is not recom- 
mended for use in nursing mothers because DIPRIVAN Injection has been reported to be excreted in human 
milk and the effects of oral absorption of small amounts of propofol are not known. (See PRECAUTIONS.) 
DIPRIVAN Injection is not recommended for use in pediatric patients because safety and effectiveness have not 
been established. (See PRECAUTIONS. ) DIPRIVAN injection is not recommended for use at this time in patients 
with increased intracranial pressure or impaired cerebral circulation because DIPRIVAN Injection may cause 
substantial decreases in mean arterial pressure, and consequently, substantial decreases in cerebral perfusion 
pressure. (See PRECAUTIONS. NOICATIONS: When general anesthesia is contraindicated or in patients 
with a known hypersensitivity to DIPRIVAN injection or its components. WARNINGS: DIPRIVAN injection should 
be administered only by persons trained in the administration of general anesthesia. Facilities for maintenance 
of a patent aw artificial ventilation, and oxygen enrichment and circu resuscitation must be 
immediately available. DIPRIVAN injection should not be coadministered through the same IV catheter with 
blood or plasma because compatibility has not been established. In vitro tests have shown that aggregates of 
the globular component of the emulsion vehicle have occurred with biood/piasma/serum from humans and 
animals. The clinical significance is not known. Strict aseptic techniques must always be maintained while 
handling DIPRIVAN injection. The vehicle in DIPRIVAN injection is capable of sup ee growth of 
microorganisms. Laoag DOSAGE AND ADMINISTRATION, Handling Procedures.) PRECAUTIONS: General: 
A lower induction dose and a slower maintenance rate of administration should be used in elderly, debilitated 
and/or patients with circulatory disorders, and those rated ASA ill or IV. (See DOSAGE AND ADMINISTRATION.) 
Patients shouid be continuously monitored tor early signs of significant hypotension and/or bradycardia. Treatment 
may include increasing the rate of intravenous fluid, elevation of lower extremities, use of pressor agents, or 
administration of atropine. Apnea often occurs during induction and may persist for more than 60 seconds. 
Ventilatory support may be required. Because DIPRIVAN Injection is an emulsion, caution should be exercised 
in patients with disorders of lipid metabolism such as primary hyperlipoproteinemia, diabetic hyperlipemia, and 
pancreatitis. Since DIPRIVAN injection is never used alone, an adequate pericd of evaluation of the awakened 
patient is indicated to ensure satistactory recovery from general anesthesia prior to discharge of the patient from 
the recovery room or to home. When DIPRIVAN injection is administered to an epileptic patient. there may be a 
risk of convulsion during the recovery phase. Transient local pain may occur during intravenous injection, which 
may be reduced by prior injection of IV lidocaine (1.0 mL. of a 1% solution). Venous sequelae (phlebitis or throm- 
bosis) have been reported rarely {< 19%). in two well-controlled clinical Studies using dedicated intravenous cath- 
eters, no instances of venous sequelae were reported up to 14 days following induction. Pain can be minimized 
if the larger veins of the forearm or antecubital fossa are used. Accidental clinical extravasation and intentional 
injection into subcutaneous or perivascular tissues of animals caused minimal tissue reaction. intra-arterial 
injection in animals did not induce local tissue effects. One accidental intra-arterial injection has been reported 
ina patient, and other than pain, there were no major sequelae. Perioperative myocionia, rarely including con- 
vuisions and opisthotonus, has occurred in a temporal relationship in cases in which DIPRIVAN Injection has 
been administered. Clinical features of anaphylaxis, which may include bronchospasm, erythema and hypo- 
tension, occur rare serpi Cotas injecton administration, although use of other drugs in most instances 
makes the relationship to DIPRIVAN Injection unclear. DIPRIVAN Injection has no vagolytic activity and has been 
associated with reports of bradycardia, occasionally profound. The intravenous administration of anticholinergic 
agents (eg, atropine or glycopyrrolate) should be considered to modify potential increases in vagal tone due 
to concomitant agents (eg, succinyicholine) or surgical stimuli. information for Patients: Patients should be 
advised that performance of activities requiring mental alertness, such as operating a motor vehicle or hazardous 
machinery, may be impaired for some time arer ube anesthesia. Drug Interactions: The induction dose 
requirements of DIPRIVAN Injection may be reduced in patients with intramuscular or intravenous premedication, 
particularly with narcotics (eg, morphine, meperidine, and fentanyl) and combinations of narcotics and sedatives 
iep, benzodiazepines, barbiturates, chloral hydrate, droperidol, etc.). These agents may increase the anesthetic 
ects of DIPRIVAN injection and may also result in more pronounced decreases in systolic, diastolic, and mean 
arteriai pressures and cardiac output. During maintenance of anesthesia, the rate of DIPRIVAN Injection adminis- 
tration should be adjusted according to the desired level of anesthesia and may be reduced in the presence of 
Supplemental anaigesic agents (eg, nitrous oxide or opioids). The concurrent administration of potent inhalational 
agents (eg, isoflurane, enflurane, and halothane) during maintenance with DIPRIVAN injection has not been 
extensively evaluated. These inhalational agents can also be expected to increase the anesthetic and cardio- 
respiratory effects of DIPRIVAN Injection. DIPRIVAN Injection does not cause a clinically significant change in 
onset, intensity or duration of action of the commonly used neuromuscular blocking agents (eg, succinylcholine 
and nondepoiarizing muscle relaxants). No significant adverse interactions with commonly used premedications 
or drugs used during anesthesia {including a ee muscle relaxants, inhalational agents, analgesic agents, 
and local anesthetic agents) have been observed. Carcinogenesis, Mutagenesis, impairment of Fertility: Animal 
carcinogenicity studies have not been performed with propofol. in vitro and in vivo animal tests failed to show 
any potential for mutagenicity by propofol. Tests for mutagenicity included the Ames (using Salmonella Sp) 
mutation test, gene mutation/gene conversion using Saccharomyces cerevisiae, in vitro cytogenetic studies in 
Chinese hamsters and a mouse micronucleus test. Studies in female rats at intravenous doses up to 15 mg/ka/day 
(6 times the maximum recommended human induction dose} for 2 weeks before pregnancy to day 7 of gestation 
did not show impaired fertility. Male fertility in rats was not affected in a dominant lethal study at intravenous 
doses up to 15 mg/kg/day for 5 days. Pregnancy vert a B: Reproduction studies have been performed in 
rats and rabbits at intravenous doses of 15 mg/kg/day (6 times the recommended human induction dose) and 
have revealed no evidence of impaired fertility or harm to the fetus due to propofol. Propofol, however, has been 
shown to cause maternal deaths in rats and rabbits and decreased pup survival during the lactating period in 
dams treated with 15 mg/kg/day (or 6 times the recommended human induction dose). The pharmacological 
activity {anesthesia} of the drug on the mother is probably responsible for the adverse effects seen in the offspring. 
There are, however, no adequate and well-controlled studies in pregnant women. Because animal reproduction 
studies are not a redictive of human responses, this drug should be used during pregnancy only if clearly 
needed. Labor and Delivery: DIPRIVAN injection is not recommended for obstetrics, including cesarean section 
deliveries, because there are insufficient data to support its safety to the fetus. Nursing Mothers: DIPRIVAN 
Injection is not recommended for use in nursing mothers because DIPRIVAN has been reported to be excreted in 
human milk and the effects of oral absorption of smali amounts of propofol are not known. Pediatric Use: 
DIPRIVAN injection is not recommended for use in pediatric patients because safety and effectiveness have not 
been established. ical Anesthesia: Studies to date indicate that DIPRIVAN Injection decreases cerebral 
blood flow, cerebral metabolic oxygen consumption, and intracranial pressure, and increases cerebrovascular 
resistance. DIPRIVAN Injection does not seem to affect cerebrovascular reactivity to changes in arterial carbon 
dioxide tension. Despite these findings, DIPRIVAN Injection is not recommended for use at this time in patients 
with increased intracranial pressure or impaired cerebral circulation because DIPRIVAN injection may cause 
substantial decreases in mean arterial pressure, and consequently, substantial decreases in cerebral pertusion 
pressure. Further studies are needed to substantiate what happens to intracranial pressure following DIPRIVAN 
injection when decreases in mean arterial and cerebral perfusion pressures are prevented by appropriate 
measures. ADVERSE REACTIONS: Adverse event information is derived from controlled clinical trials and world- 
wide marketing experience. In the description below, rates of the more common events represent US/Canadian 
clinical study results. Less frequent events are derived principally from marketing experience in approximately 
7 million patients and from publications; there are insufficient data to support an accurate estimate of their inci- 
dence rates. The paisa cel of adverse events for DIPRIVAN Injection are derived from reports of 1573 
patients included in the US/Canadian induction and maintenance studies. These studies were conducted using 
a variety of premedicants, varying lengths of surgical procedures and various other anesthetic agents. Most 
adverse events were mild and transient. The following adverse events were reported in patients treated with 
DIPRIVAN injection. They are presented within each body system in order of decreasing frequency, incidence 
Greater than 1% — Ail events regardless of causality, derived from clinical trials. Body as a Whole: Fever. 
Cardiovascular: Hypotension’ (see also CLINICAL PHARMACOLOGY), Bradycardia, Hypertension. Central Ner- 
vous System: Movement’, Headache, Dizziness, Twitching. Bucking/Jerking/ Thrashing, Clonic/Myoclonic 
Movement. Digestive: Nausea**, Vorniting’, Abdominal Cramping. injection Site: Burning/Stinging’”, Pain”, 
Tingling/Numbness, Coidness. R : Cough, Hiccough, Apnea (see also CLINICAL PHARMACOLOGY). 
Skin and Appendages: Flushing. incidence of unmarked events is 1%-3%:; *3% to 10%: **10% or greater. 
incidence than 1% — Causal Relationship Probable (Adverse events reported only in the literature, not 
seen in clinical trials, are italicized.) Body as a Whale: Extremities Pain, Chest Pain, Neck Stiffness, Trunk Pain. 
Cardiovascular: Tachycardia, Premature Ventricular Contractions, Premature Atrial Contractions, Syncope, 
Abnormal ECG, ST Segment Depression. Central Nervous System: Shivering, Somnolence, Parona oynana. 
Paresthesia, Tremor, Abnormal Dreams, Agitation, Confusion, Delirium, Euphoria, Fatigue, Moaning, Rigidity. 
Digestive: Hypersalivation, Dry Mouth, Swallowing. Injection Site: Discomfort, Phlebitis, ives/Itching, Reciness/ 


DIPRIVAN® (propofol) injection 


Discoloration. Musculoskeletal: Myaigia. Respiratory: Upper Airway Obstruction, Bronchospasm, Dyspnea, 
Wheezing, Hypoventilation, Burning in Throat, Sneezing, Tachypnea, Hyperventilation, Hypoxia. Skin and Appen- 
dages: Rash, Urticaria. Special Senses: Amblyopia, Dipiopia, Eye Pain, Taste Perversion, Tinnitus. Urogenital: 
Urine Retention, Green Urine. Incidence Less than 1%— Causal Relationship Unknown (Adverse events 
ee oniy in the literature, not seen in clinical trials, are #alicized.) Cardlovaseular: Arrh hmia, Bigeminy. 
Edema, Ventricular Fibrillation, Heart Block, Myocardial ischemia. Central Nervous System: Anxiety, Emotional 
Lability, Depression, Hysteria, Insomnia, Generalized and Localized Seizures, Opisthotonus. Digestive: Diarrhea. 
Respiratory: At acl Skin and Appendages: Diaphoresis, Pruritus, Conjunctival Hyperemia. Special 
Senses: Ear Pain, Nystagmus. Urogenital: Abnormal Urine. DRUG ABUSE AND DEPENDENCE: None known. 
OVERDOSAGE: To date, there is no known case of acute overdosage, and no specific information on emergency 
treatment of overdosage is available. if accidental overdosage occurs, DIPRIVAN Injection administration should 
be discontinued immediately. Overdosage is likely to cause cardiorespiratory depression. Respiratory depression 
should be treated by artificial ventilation with oxygen. Cardiovascular depression may require repositioning of 
the patient by raising the patients legs, increasing the flow rate of intravenous fluids and administering pressor 
agents and/or anticholinergic agents. The intravenous LDso values are 53 mg/kg in mice and 42 mg/kg in rats. 
SAGE AND ADMINISTRATION: induction: Dosage should be individualized and titrated to the desired effect 
according to the patient's age and clinical status. Most adult patients under 55 years of age and Classified ASA 
i and Il are likely to require 2.0 to 2.5 mg/kg of DIPRIVAN injection, for induction when unpremedicated or when 
‘Setar with oral benzodiazepines or intramuscular narcotics. For induction, DIPRIVAN injection should 
titrated (approximately 40 mg every 10 seconds) against the response of the patient until the clinical signs 
show the onset of anesthesia. it is important to be familiar and experienced with the intravenous use of DIPRI 
injection before treating elderly, debilitated, hypovolemic patients and/or those in ASA Physical Status Classes 
ili or IV. These patients may be more sensitive to the effects of CIPRIVAN Injection; therefore, the dosage of 
DIPRIVAN injection should be decreased in these pales by approximately 50% (20 mg every 10 seconds} 
according to their conditions and responses. (See PRECAUTIONS, and DOSAGE GUIDE. } ditionally, as with 
most anesthetic agents, the effects of DIPRIVAN Injection may be increased in patients who have received intra- 
venous sedative or narcotic premedications shortly prior to induction. Maintenance: Anesthesia can be main- 
tained by administering DIPRIVAN Injection by infusion or intermittent IV bolus injection. The patient's clinical 
response will determine the infusion rate or the amount and frequency of incrementat injections. When admin- 
istering DIPRIVAN Injection by infusion, itis recommended that drop counters, syringe pumps or volumetric 
pumps be used to provide controlled infusion rates. Continuous Infusion: DIPRIVAN injection 0.1 to 0.2 mg/kg/min 
administered in a variabie rate infusion with 60%-70% nitrous oxide and oxygen provides anesthesia for patients 
undergoing general ae Maintenance by infusion of DIPRIVAN Injection should immediately follow the induc- 
tion dose in order to provide satisfactory or continuous anesthesia during the induction phase. During this initial 
period following the induction Tenon higher rates of infusion are generally required (0.15 to 0.20 mg/kg/min) 
for the first 10 to 15 minutes. infusion rates should subsequently be decreased by 30%- 50% during the first 
haif-hour of maintenance. Changes in vital signs {increases in puise rate, blood pressure, sweating and/or tearing) 
that indicate a response to surgical stimulation or lightening of anesthesia may be controlled by the administration 
of DIPRIVAN injection 25 mg (2.5 mL) or 50 mg (5.0 mL) incremental boluses and/or by increasing the infusion 
rate. If vitai sign changes are not controlled after a five minute period, other means such as a narcotic, barbiturate, 
vasodilator or inhalation agent therapy should be initiated to control these responses. For minor surgical pro- 
cedures (ie, body surface) 60%-70% nitrous oxide can be combined with a variable rate DIPRIVAN injection 
infusion to provide satisfactory anesthesia. With more stimulating surgical procedures (ie, intra-abdominal) 
Supplementation with anaigesic agents should be considered to provide a satisfactory anesthetic and recovery 
profile. Infusion rates shouid always be titrated downward in the absence of clinical mio of light anesthesia until 
a mild response to surgical stimulation is obtained in order to avoid administration of DIPRIVAN injection at rates 
higher than are clinically necessary. Generally, rates of 0.05 to 0.1 mg/kg/min should be achieved during 
maintenance in order to optimize recovery times. Intermittent Bolus: Increments of DIPRIVAN Injection 25 mg 
(2.5 mL} or 50 mg (5.0 mL) may be administered with nitrous oxide in patients undergoing general surgery. The 
incremental boluses should be administered when changes in vital signs indicate a response to surgical stimu- 
lation or light anesthesia. DIPRIVAN Injection has been used with a variety of agents commonly used in anesthesia 
such as atropine, scopolamine, giycopyrrolate, diazepam, depolarizing and nondepolarizing muscle relaxants, 
and narcotic analgesics, as well as with inhalational and regional anesthetic agents. (See Drug Interactions. } 


DOSAGE GUIDE 
INDICATION DOSAGE AND ADMINISTRATION 
induction Dosage should be individualized. 
Adults: Are likely to require 2.0 to 2.5 mg/kg (approximately 40 mg every 10 seconds unti! 
induction onset). 
Eiderty, Debilitated, Hypovolemic, and/or ASA Ill or IV Patients: Are likely to require 1.0 to 
1.5 mg/kg (approximately 20 mg every 10 seconds until induction onset). 
Malntenance 
Tntusion Varlable rate Infusion—titrated to the desired clinical effect. Adults: Generally, 0.1 to 
0.2 de iid {6 to 12 mg/kg/h}. 
Eiderly, Debilitated, Hypovalemic and/or ASA Ili or IV Patients: Generally, 0.05 to 
6.4 mg/kg/min (3 to 6 mg/kg/h}. 
Intermittent Bolus Increments of 25 mg to 50 mg. as needed, 


Compatibility and Stability: DIPRIVAN Injection should not be mixed with other therapeutic agents prior to 
administration. Dilution Prior to Administration: When DIPRIVAN Injection is diluted prior to administration, 
it should only be diluted with 5% Dextrose Injection, USP, and it should not be diluted to a concentration tess 
than 2 mg/mL because it is an emulsion, tn diluted form it has been shown to be more stable when in contact 
with glass than with plastic (95% potency after 2 hours of running infusion in plastic.) Administration into a 
Running IV Catheter: Compatibility of DIPRIVAN Injection with the coadministration of blood/serum/plasma 
has not been established. (See WARNINGS.) DIPRIVAN injection has been shown to be compatible with the 
following intravenous fluids when administered into a running IV catheter: 5% Dextrose injection, USP: Lactated 
Ringers injection, USP: Lactated Ao and 5% Dextrose injection; 5% Dextrose and 0.45% Sodium Chioride 
Injection, USP; 5% Dextrose and 0.2% Sodium Chioride Injection, USP. Handling Procedures: Parenteral drug 
products should be inspected visuaily for particulate matter and discoloration prior to administration whenever 
solution and container permit. DIPRIVAN + pew must not be acministered through a microbiological filter 
because this could restrict the flow of DIPRIVAN and/or cause the breakdown of the emulsion. Do not use if there 
is evidence of separation of the phases of the emulsion. Strict aseptic techniques must always be maintained 
during dbl as DIPRIVAN Injection is a single-use parenteral product and contains no antimicrobial 
peene e vehicle is capable of supporting rapid growth of microorganisms. DIPRIVAN Injection should 
e prepared for use just prior to initiation of each individual anesthetic procedure. DIPRIVAN Injection should 
be drawn into sterile syringes immediately after ampules or vials are opened. When using vials with volumetric 
infusion devices insert sterile vent spike through rubber stopper and immediately connect IV fine. Administration 
shouid commence promptly and be completed within 6 hours after the ampules or vials have been opened. 
DIPRIVAN injection should be prepared for single patient use only and any unused portions of DIPRIVAN Injection, 
reservoirs, ÌV lines or solutions containing DIPRIVAN injection must be discarded at the end of the anesthetic 
procedure. Failure to follow aseptic handling procedures may result in microbial contamination causing fever 
and/or other adverse consequences which could lead to life-threatening illness. Aseptic Technique’ for Handling 
DIPRIVAN injection Ampules: + Wear clean garments. + Wash hands and fingernails using an antimicrobial 
handwash. « When appropriate, wear sterile gloves, mask and hair cover. « Disinfect neck surface of ampule 
using 70% isopropyl alcohol. Swab neck of ampule by wong in one direction and let dry. « Protect fingers and 
hands by using sterile gauze when opening the ampule. + Withdraw DIPRIVAN Injection into a sterile syringe. 
+ Immediately replace needie cap and discard ampule. © Label syringe with appropriate information, including 
date, time and patient name. e Administer promptly. + Discard any unused DIPRIVAN injection and reservoirs, 
WV lines, or solutions containing DIPRIVAN Injection at the enc of the anesthetic procedure or within 6 hours — 
whichever occurs sooner. Aseptic Technique" for Hanaling DIPRIVAN Injection Vials (and for Use With Volumetric 
infusion Devices): « Wear clean garments. + Wash hands and fingernails using an antimicrobial handwash. 
« When appropriate, wear sterile gloves, mask and hair cover. « Remove metal cap from vial. e Disinfect rubber 
Stopper of vial using 70% isopropyl alcohol. Wipe in one direction and let dry. « insert sterile vent spike through 
rubber stopper and remove luer cap. » Connect a sterile syringe(s) to vent spike and withdraw entire contents, 
(Or when using volumetric infusion devices, aseptically connect 'V line to vent spike). + Immediately cap syringe(s) 
with sterile closure(s) and discard vial and vent spike. e Label syringe(s) {or vial when using volumetric infusion 
devices) with appropriate information, including date, time and patient name. + Administer promptly. + Discard 
any unused DIPRIVAN Injection and reservoirs, IV lines, or solutions containing DIPRIVAN Injection at the end 
of the anesthetic procedure or within 6 hours whichever occurs sooner. “These techniques are not intended 
to preempt more stringent, established institutional guidelines for the aseptic handling and administration of 
Sterile parenteral drug products. HOW SUPPLIED: DIPRIVAN Injection is available in ready to use 20 mL ampules 
and 50 mL infusion viais containing 10 mg/mL of propofol. 
20 mL ampules (NDC 0038-0290-20) 50 mL infusion vials (NDC 0038-0290-50} 
Store below 22°C (72°F). Do not store below 4°C (40°F). Refrigeration is not recommended. Protect from light. 
Shake weil before use. Rev D 02/91 
Made in Sweden 
Manufactured for: 
STUART PHARMACEUTICALS A business unit of ICI Americas ine., Wilmington. DE 19897 USA 
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Common patient type Common patient type 

Obese Both adults and 
children 

Advantage of Tracrium Advantage of Tracrium 


No difference in 
recovery from neuro- 
muscular blockade 
between normal and 
obese patients. Re- 
covery time with 
vecuronium can take 
three times as long in 
the obese patient.' 


Clinical response 
unaffected by hepatic 
function’ or patient 
age.’ Duration of 
action can be pro- 
longed with vecuroni- 
um in these patients.* 








-Total hip “Renal surgery Neurosurgery Everyday 
replacement for trauma procedures 

SN 
Common patient type Common patient type Common patient type © Common patient type — 


Elderly women and Both adults and Both adults and Average 
men children children 


m 
Advantage of Tracrium Advantage of Tracrium Advantage of Tracrium Advantage of Tracrium 


Recovery time Recovery time Effect unchanged by | The same reasons 
unaffected by age.’ unaffected by renal concomitant anticon- | Tracrium is ideal for 
With vecuronium, dysfunction.? With vulsant medications | special patient types 
recovery time can be vecuronium, recovery (phenytoin, carbam- make it the choice for 
twice as long in the | time can be azepine).”° The effect | everyday procedures. 
elderly.’ prolonged.‘ of vecuronium is 


decreased in patients 
receiving these 
agents.*? 


TRACRIUM necnon 
(atracurium besylate) 10 mg/mL 


Formo: pr diabl r cov ry 


See brief summary of prescribing information on adjacent page. 











TRACRIUM’ INJECTION 
Brief Summary (atracurium besylate) 


i a should be used only by adequately trained individuals familiar with ifs actions. characteristics. and 
azards. 


INDICATIONS AND JSAGE: Tracrium is indicated, as an adjunct to general anesthesia, to facilitate endotracheal 
intubat on and to provide skeletal muscle relaxation during surgery or mechanical ventilation. 


CONTRAINDICATIONS: Tracrium is contraindicated in patients known to have a hypersensitivity to it. 


WARNINGS: TRACRIUM SHOULD BE USED ONLY BY THOSE SKILLED IN AIRWAY MANAGEMENT AND RESPI- 
RATORY SUPPORT. EQUIPMENT AND PERSONNEL MUST BE IMMEDIATELY AVAILABLE FOR ENDOTRACHEAL 
INTUBATION AND SUPPORT OF VENTILATION. INCLUDING ADMINISTRATION OF POSITIVE PRESSURE 
OXYGEN. ADEQUACY OF RESPIRATION MUST BE ASSURED THROUGH ASSISTED OR CONTROLLED VENTI- 
LATION. ANTICHOLINESTERASE REVERSAL AGENTS SHOULD BE IMMEDIATELY AVAILABLE. OO NOT GIVE 
TRACRIUM BY INTRAMUSCULAR ADMINISTRATION.  Facrium has no known effect on consciousness, pain 
threshald, or cerebration. It should be used only with adequate anesthesia. Tracrium Injection, which has an 
acid pH, should nol be mixed with alkaline solutions (e.g. , barbiturate solutions) in the same syringe or administered 
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Electrical Shock by Dislodged Spark Gap in Bipolar 


Electrosurgical Device 


Timothy B. Gilbert, MD, Michael Shaffer, DSc, and Marianne Matthews, MD 
Department of Anesthesiology, George Washington University Medical Center, Washington, D.C. 


espite the advent of specialized power distri- 
bution systems and electrical safety monitors, 


the risk of electrical shock and injury still - 


exists in the modern operating room. Electrosurgical 


~devices—despite a more than 60-yr history of use and 


development—increase the number and complexity 
of potential hazards to patients (1). We report a case 
in which a faulty electrosurgical device attached to a 
patient caused a severe shock to an anesthesia resi- 
dent who completed an electrical circuit through 
ground. Before the shock, properly working safety 
equipment was unable to detect the existence of a 
hazardous equipment failure. In this particular case, 
the responsibility for the incident originated with a 
ground fault in a bipolar coagulator having its own 
isolated power supply. 


Case Report 


A 57-yr-old male patient was placed in the sitting 
position under general anesthesia for an intracranial 
procedure. Perioperative monitors included an elec- 
trocardiogram, a peripherally placed central verious 
pressure monitor, a neuromuscular stimulator, a 
bladder temperature probe, and an intraarterial blood 
pressure monitor. After uneventful incision of the 
scalp, the neurosurgeon used a Codman Malis model 
N5237 bipolar coagulator at a power setting of 35 
(equivalent to 8.4 + 1.7 W) to coagulate vessels. He 
initially complained of “lack of power” in coagulation 
and the presence of scalp muscle contraction away 
from the bipolar tips. The anesthesia resident was 
requested to check the depth of neuromuscular pa- 
ralysis. Grasping the patient’s hand, she simulta- 
neously contacted a steel rod attached to the operat- 
ing table frame. As the coagulator was activated, she 
suffered a shock severe enough to thrust her several 
feet into the adjacent anesthesia machine. The line 
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isolation monitor did not alarm (later determined to 
be properly operating), nor did the coagulator main 
fuse or line circuit breaker trip. Although the resident 
suffered a second-degree burn and ecchymosis in that 
arm, she recovered without sequelae. No adverse 
effects could be found in the anesthetized patient. 

Within this bipolar unit is an inductive/capacitive 
oscillatory circuit that is discharged by a pair of spark 
gaps, creating a high-frequency waveform for coagu- 
lating tissues. A simplified schematic diagram shown 
in Figure 1 details the normal configuration, which 
includes the oscillatory circuit and three isolation 
transformers (denoted T1-3). 

An internal inspection of the coagulator revealed 
the spark gap assembly to be dislodged (Figure 2B) 
with both of its ceramic insulator mounts fractured 
(Figure 2A), apparently because of previously being 
dropped. The metal bar of the spark gap assembly 
had fallen near the secondary coil of the variable- 
output transformer, resulting in the creation of a new 
spark gap (Figure 2C). The resultant high-frequency 
output of the unit was no longer isolated from, but 
connected to, ground through T3, whereby a current 
path was set up through the patient and resident to 
ground and back to the coagulator (Figure 3). 

Measurements made in the George Washington 
University Bioelectronics Laboratory confirmed the 
shock hazard. After placing a 50-Q resistive load on 
the output jacks (the standard test load designated by 
the manufacturer for measuring output), four dif- 
ferent scenarios were tested: with the (a) coagulator 
properly assembled, (b) dislodged spark gap contact- 
ing the chassis ground, (c) dislodged spark gap 
contacting the output transformer, and (d) dislodged 
spark gap near (3 mm) but not contacting the output 
transformer, creating a new spark gap. Current out- 
put measurements are shown in Table 1, and the 
substantial shock hazard available with the dislodged 
spark gap is noted. Fortunately, the actual series 
resistance of the patient, resident’s arm, operating 
room table, and floor was estimated to far exceed the 
50-20 test load, attenuating the electrical injury to the 
resident. 
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Figure 2. Fractured ceramic mounts (A) and partially dislodged 
spark-gap assembly (B) in the bipolar coagulator create a new spark 
gap and unisolated pathway for high-frequency current across to 
the transformer coil (C). 


Discussion 


Electrical safety monitors, such as line isolation mon- 
itors (LIM) and ground fault interruptors, are de- 
signed to detect abnormal equipment leakage cur- 
rents to ground, primarily of low frequencies 
(typically 60 Hz). They may not detect leakage cur- 
rents from equipment with broken ground connec- 
tions or from equipment such as electrosurgical de- 
vices that generate higher (typically 0.3-2.0 MHz) 
frequency currents (2). 

The LIM can only test if the secondary of the 
operating room isolation transformer power supply is 
isolated. Manufacturers of electrical equipment often 
have placed separate isolation transformers within 
the power supply of their products; the LIM is then 
insensitive to ground faults distal to this second level 
of isolation. This incident points out that the use of a 
second level of isolation eliminates the safety pro- 
vided by an LIM monitoring the first level of isola- 
tion. Perhaps manufacturers who use isolation trans- 
formers within their equipment should have separate 
a.arm lights to show that their isolation is being 
maintained. In general, isolation transformers and 
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Figure 1. Proper current flow from power source to 
the bipolar coagulator to the patient is shown 
(dashed lines). Spark gaps are denoted by friangles. 
Isolation is maintained and current is transferred 
within loops A-D by the mutual inductance of 
transformers T1-3. 


PATIENT 


their LIMs are anachronistic, being still required by 
the National Fire Protection Association in only one 
circumstance—when explosive anesthetics are used. 
Clearly the present hazardous situation is not re- 
stricted to the operating room but could have oc- 
curred in other hospital locations not equipped with 
isolation transformers and LIMs. 

Most reports of electrosurgery-related injury in- 
volve monopolar devices, usually with faulty ground 
pad function (3) that allows a high-density current to 
exit the skin at alternative grounds (e.g., irate 
electrocardiographic leads [4], Doppler probe [5], o 
temperature probes [6,7]). Bipolar devices are dually 
considered to be particularly safe with respect to such 
ground faults and are often preferred over unipolar 
devices in situations when limiting current flow is 
desired or necessary (for example, in intracranial or 
Fallopian tube surgery, or in patients with pacemak- 
ers where the electrosurgical effect is confined to 
those tissues in direct contact with the hand-held 
tips) (2). 

Spark gaps can form anywhere electrical compo- 
nents reside close enough for high-frequency current 
to traverse, as is the case here. It was serendipitous 
that the partially broken spark gap had fallen in such 
a way as to connect the secondary coil of the isolation 
transformer to ground, without concurrently short- 
ing the primary coil to ground. Without both condi- 
tions, the injury could not have occurred. 

In retrospect, an equipment malfunction might 
have been suspected when the surgeon noted exces- 
sive local muscle contraction and decreased coagula- 
tion action at the bipolar site, indicating current flow 
beyond the bipolar tip return (i.e., acting like a 
monopolar device). This also supports Aronow and 
Bruner’s (1) view that careful investigation of an 
electrosurgery-associated injury usually reveals a 
gross instrument fault or neglect of proper proce- 
dure. Guidelines for preventing electrosurgery- 
associated injuries have been published previously 
(7,8); however, these focus primarily on monopolar 
devices with ground plate returns. We offer the 
following additional suggestions for the use of bipo- 
lar electrosurgical devices: 
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Table 1. Current Output Measurements 


RF current output (A) 
between: 
J1 or J2 and 
Jl and J2 ground 
Coagulator properly assembled 0.43 0.00 
with output set at 35 
Spark gap dislodged 
With assembly contacting 0.18 0.00 
chassis ground 
With assembly contactirig 0.00 0.00 
secondary of transformer T3 
With assembly near but not 0.00 0.90 
` contacting secondary of 
transformer T3 


i Inspect the exterior of the electrosurgical device 
for evidence of damage. Coagulators, because of 
their small size relative to monopolar devices, are 
both easier to inspect and more readily dropped or 
improperly handled. 

2. Owing to their size again, coagulators should bë 
rotated gently to detect the “rattle” of internally 
dislodged parts. 

3. Some electrosurgery devices provide an output 
test socket for detecting proper operation of the 
active and inactive electrodes; therefore, if so 
equipped, the device should be tested before use. 

4. If during use of the electrosurgical device either 
excessive muscle contraction away from the elec- 
trodes is noted or decreased output occurs, the 
unit should be removed from service for further 
inspection. 


5. Again owing to their size, coagulators are often 








improperly placed; for example, the floor shouild 

be avoided because it may be a potentially wet 

location. Whatever location is chosen, the unit 
should be secured to prevent damage from falling. 

These coagulators often denote output power on a 

numbered, unitless scale; therefore, one should 

refer to the device’s technical manual to determine 
actual output wattage and current. 

7. The average anesthesiologist should take a “black 
box” approach to any suspiciously acting bipolar 
instrument, immediately remove it from service, 
and refer definitive testing and/or repair to appro- 
priately trained technicians. 


6. 


The authors thank Herbert Grassel of the Bioelectroriics Laboratory 
for obtaining the electrical measurements on the faulty bipolar unit 
and identifying the cause of the incident. 
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Letters to the Editor 


Is Hypoxic Pulmonary 
Vasoconstriction Exaggerated During 
One-Lung Ventilation in Patients 
With Patent Ductus Arteriosus? 


To the Editor: 


We read with interest the recently published clinical report 
by Baraka et al. (1). Although we were fascinated by their 
observation, we are disturbed by a potentially serious flaw 
in the deduction of their final conclusion. Without properly 
addressing certain physiologic variables (as discussed in 
the following paragraphs), the conclusion that ‘(less pul- 
monary shunt is)... attributed to an exaggerated HPV 
response in these patients” is simply inadequate. 

When a patient is placed in the lateral decubitus posi- 
tion, the three zones of pulmonary blood flow distribution, 
as dictated by gravity, are determined by pulmonary arte- 
rial pressure (2). In zone 3, with both transmutal pulmo- 
nary arterial pressure and transmural pulmonary venous 
pressure higher than the alveolar pressure, the lung units 
receive the most pulmonary blood flow. On the other hand, 
in zone 1, where alveolar pressure is higher than both 
transmural pulmonary arterial pressure and transmural 
pulmonary venous pressure, the lung units receive the 
least blood flow (3). The dependent lung, with most of its 
units situated in zone 3, will receive more pulmonary blood 
flow than the nondependent lung, which has most of the 
units situated in zone 1. Decreasing the pulmonary arterial 
pressure will cause expansion of zone 1 and contraction of 
zone 3. Pulmonary arterial pressure must be controlled 
when evaluating hypoxic pulmonary vasoconstriction. 

The cardiac catheterization measurement of patient 1 
revealed a right ventricular pressure of 35/0—-1 mm Hg with 
a pulmonary artery pressure of 21/4 mm Hg. Similarly, in 
patient 2, the catheterization measurement revealed a right 
ventricular pressure of 50/20 mm Hg and pulmonary arte- 
rial pressure of 36/12 mm Hg. In both cases, there existed a 
14-mm Hg systolic pressure gradient across the pulmonic 
valve. Without aortic blood flow through a patent ductus 
arteriosus, the pressure gradient across the pulmonary 
valve can only be higher. The existence of this gradient 
indicated that both patients have subclinical pulmonary 
valvular stenosis. In otherwise normal patients, the closure 
of patent ductus arteriosus will causé a decrease in pulmo- 
nary arterial pressure. In patients with pulmonary stenosis, 
the closure of a patent ductus arteriosus could cause an 
even more significant decrease in pulmonary arterial pres- 
sure. In the face of a changing pulmonary arterial pressure, 
it is unreasonable to assume that the amount of hypoxic 
pulmonary vasoconstriction can be quantitated with any 
degree of certainty. 
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In conclusion, as a result of surgical closure of the patent 
ductus arteriosus, we would expect to see an increased 
proportion of pulmonary blood flow to the dependent 
lung.’ This redistribution of pulmonary blood flow will be 
even more pronounced in patients with concomitant pul- 
monary stenosis. The quantitation of hypoxic pulmonary 
vasoconstriction in this situation is not possible without 
quantitating the exact change in pulmonary arterial pres- 
sure. 


Y. James Kao, MD, PhD 

Richard G. Norton, MD 

Samuel Kleinman, MD 

Department of Anesthesiology - 

Texas Tech University Health Sciences Center 
Lubbock, TX 79430 
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In Response: 


Dr. Kao and colleagues conclude that surgical closure of the 
patent ductus arteriosus would result in an increased 
proportion of pulmonary blood flow to the dependent 
lung, which could explain our finding that the Po, during 
one-lung ventilation in patients with patent ductus arteri- 
osus is higher than expected. However, our report shows 
that the high Po, was observed during one-lung ventilation 
in patients with patent ductus arteriosus both before and 
after surgical closure of the patent ductus arteriosus. 

Anis Baraka, MD 

Department of Anesthestology 

American University of Beirut 

Beirut, Lebanon 





Buzz ‘Em or Burn ‘Em 


To the Editor: 


This is a response to the clinical report by Bailey et al. (1) 
dealing with ‘‘electrocautery-induced” airway fire during 
tracheostomy. 

Clearly from the detailed description of the unfortunate 
incident, an electrocautery device was not involved; rather, 
an electrosurgical unit or ESU was used. The difference in 
equipment is profound. An electrocautery device is similar 
to a soldering iron—it incorporates an electrically heated 
element. If this component contacts tissue, burning and 
coagulation result. Heat is transferred from the element to 
the tissue. No current flows through the body. 
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By contrast, an electrosurgical generator produces alter- 
nating current in the radio-frequency range. This current 
flows through the body tissue between the active and 
dispersive electrodes. The current’s density and hence its 
effect is greatest at the point where the active electrode 
(held by the surgeon) contacts the tissue. Heat is not 
transferred into the tissue by conduction; it actually arises 
within the tissue as a result of current flowing through it. 

Confusion of the terms “electrosurgery” and “electro- 
cautery” is quite common. Precise description is, however, 
especially important with the increasing appearance in the 
operating room of the disposable battery-powered hot wire 
cautery. This is a veritable cautery unit in contrast to the 
ESU or “Bovie.” 

By not understanding the simple distinction, we risk 
becoming not the Sorcerer but the Sorcerer’s Apprentice, 
and are not in command of our own magic! 


Sanford L. Klein, DDS, MD 
rtment of Anesthesio 

Robert Wood Johnson Medical School 

One Robert Place, CN 19 

New Brunswick, N] 08903-0019 


Paul F. Leonard, MD 


200 First Street SW 
Rochester, MN 55905 
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Propofol and Malignant 
Hyperthermia 


To the Editor: > 


A recent letter by Gallen (1) discussed the use of propofol in 
a possibly malignant hyperthermia-susceptible (MHS) pa- 
tient. Several points are raised by this brief report. 

Gallen states that the use of propofol in MHS patients 
has not been reported previously. In fact, several case 
reports have already appeared in the literature (2-4). Two 
studies have also demonstrated no malignant hyperther- 
mia-triggering effect by propofol in MHS swine (5,6). 
Propofol does not appear to induce contractures in vitro in 
skeletal muscle from MHS humans or swine (7). This 
combination of evidence supports the conclusion that 
propofol is safe to use in MHS patients. 

Since its release in Canada in November 1990, we have 
used propofol as the primary anesthetic agent in three 
biopsy-proven MHS patients. Propofol infusions were used 
for 1-5 h in combination with nitrous oxide, alfentanil, and 
vecuronium or atracurium. No adverse effects were noted. 

In his letter, Gallen states that surgery was attempted 
using an ester local anesthetic. Is he implying that amide 
local anesthetics are not safe to use in MHS patients? 
Although dentists are sometimes reluctant to use amide 
local anesthetics in MHS patients (8), so are some anesthe- 
tists. Since 1985, the Malignant Hyperthermia Association 
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of the United States has advised clinicians that amide local 
anesthetics are safe to use in MHS patients (9). This view is 
supported by clinical experience (10), by a large survey of 
dental anesthesia in MHS patients (11), and by in vivo 
challenge studies in MHS swine (12,13). All readers should 
be reminded of their safety. 


Gregory Allen, MD, FRCPC 
Department of Anesthesia 
Ottawa Civic Hospital 

1053 Carling Avenue 

Ottawa, Ontario K1Y4E9 
Canada 
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Foreign Body From a Patil- 
Syracuse Mask 


To the Editor: 


The Patil-Syracuse mask permits simultaneous ventilation, 
endoscopy, and endotracheal intubation. The broncho- 
scope and endotracheal tube are passed through a second 
opening, which is covered by a diaphragm and can be 
capped. It is a valuable tool allowing tracheal intubation 
when a patient can be ventilated but the trachea cannot be 
intubated. We describe a case in which rupture of the 
diaphragm created a foreign body that could have been lost 
within the patient’s airway. 

A 61-yr-old, 95-kg woman. was scheduled for a right 
modified radical mastectomy for multifocal intraductal car- 
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Figure 1. Patil-Syracuse mask showing bronchoscope, endotra- 
cheal tube, and fragment of diaphragm. The arrow indicates the 
position of the fragment on the bronchoscope. 


cinoma. Her history was significant for obesity and showed 
no known complications from a general anesthetic 
given 1Z yr previously. On physical examination, she had 
full range of motion of her neck and jaw and her tonsillar 
pillars could be seen. 

After induction of general anesthesia with intravenous 
thiopental and fentanyl, she was easily ventilated via mask. 
Intravenous vecuronium was given to facilitate tracheal 
intubation. Her larynx could not be visualized during 
laryngoscopy. Multiple blades, head positions, and an 
Endotrcl endotracheal tube (Mallinckrodt Critical Care, 
Glens Falls, N.Y.) were tried. Twice, the endotracheal tube 
was believed to be at the vocal cords but would not pass. 
No blind attempts were made to decrease the risk of airway 
trauma. An attempt to intubate the trachea was made using 
a Patil-Syracuse mask (Anesthesia Associates, San Marcos, 
Calif.). After the bronchoscope and 7-mm endotracheal 
tube were passed through the diaphragm, a significant leak 
was noted during ventilation. Inspection of the mask and 
bronchoscope revealed that the diaphragm had been rup- 
tured and a small ring-shaped fragment of it was on the 
bronchoscope (Figure 1). The diaphragm was changed and 
trachea! intubation was accomplished on the second at- 
tempt. The second diaphragm developed a tear but did not 
completely rupture. No trauma to the vocal cords was 
noted during fiberoptic tracheal intubation. The remainder 
of her anesthetic was uneventful, her trachea was extu- 
bated fully awake, and she was informed of the difficulties 
encountered during her anesthetic. 

If the mask air leak had not been noted, this foreign 
body would have been left in the patient’s airway. The 
position of the fragment was such that the endotracheal 
tube would have pushed it off the bronchoscope during 
endotracheal tube placement. A 7-mm endotracheal tube 
was used in this patient. A larger endotracheal tube might 
not have made a similar, noticeable leak. A radiograph of 
the fragment was obtained and it is radiolucent. Other 
diaphragms were inspected and the material was found to 
be very thin and easily torn. Operator error was believed 
not to be a factor as the patient was stable and an adequate 
amount of time was available to set up the equipment. 
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We believe that the Patil-Syracuse mask is a valuable 
tracheal intubation aid. However, care must be taken not to 
tear the diaphragm during endotracheal tube placement. 
The diaphragm should be redesigned using a more sub- 
stantial material to prevent this potential complication. 


Laura Williams, LCDR, MC, USNR 
National Naval Medical Center 
Bethesda, MD 20889-5000 

and 

Malcolm Grow Air Force Medical Center 
Andrews AFB, MD 20331 


Paul D. Teague, LCDR, MC, USNR 
National Naval Medical Center 


Ali H. Nagia, COL, USAF, MC, FS 
Malcolm Grow Air Force Medical Center 





Do You Think You Could Make 
Yourself Vomit? 


To the Editor: 


There is in anesthesia, no stomach like an empty stomach! 
Obstetric anesthesia, a hazardous procedure because of the 
ever present risk of aspiration of gastric contents, is ren- 
dered even more so if the patient has recently eaten a full 
meal. A stomach washout or apomorphine injected intra- 
venously to induce vomiting are two methods for emptying 
a full stomach in this situation. Neither of these is particu- 
larly pleasant, although in one study, intravenous apomor- 
phine was preferred by most pregnant women to the use of 
a stomach tube (1). 

A 31-yr-old woman of 27-week gestation was admitted 
to the delivery suite with bleeding per vaginum. An ultra- 
sound scan showed oligohydramnios and a retroplacental 
clot. Deterioration of the fetal heart rate on the external 
cardiotocograph trace resulted in a decision to deliver the 
fetus by cesarean section. Preparation for anesthesia, how- 
ever, was complicated by the fact that the patient had eaten 
a full meal of fish, chips (fries), and dessert an hour before 
the decision to operate. 

The anesthetic assessment proved illuminating. During 
explanation of the risks of a full stomach and discussion of 
the methods of emptying it, the reassuring response was, 
“Don’t worry doctor, I can make myself sick (vomit) if you 
want me to!” This generous offer was gratefully accepted, 
and 5 min and two kidney basins later, the supper eaten 
earlier was proudly displayed to an incredulous audience. 
At no time was digital stimulation of the oropharynx used 
and the patient quite literally “thought” herself sick. 

After administration of 30 mL of 0.3 M sodium citrate, 
anesthesia was induced and completed uneventfully. A 
minimal quantity of fluid with virtually no solid or obvious 
food particles was aspirated from the stomach while the 
patient was asleep. When seen after the operation, and 
confirmed again later, the patient confessed to being partly 
motivated by the fear of “being sick and choking on it.” The 
part she had played in the management of her anesthesia 
provided her immense satisfaction. 

Interestingly, hypnosis has been used to prevent or treat 
the opposite condition, hyperemesis gravidarum, in obstet- 
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rics (2). It is also known that gastrointestinal motility may 
be influenced by hypnotic suggestion (3); but that this may 
be an instance of self-hypnosis or a related phenomenon 
like autosuggestion—the implanting of an idea in oneself 
by oneself—must remain conjectural. 

However, this report does demonstrate the value of a 
frank discussion of anesthetic problems and treatment 
options, which may unexpectedly provide interesting solu- 
tions. In addition to the routine preoperative, “Do you feel 
sick after an anesthetic?,”’ in similar situations in the future, 
the suggestion, ‘Do you think you could make yourself 
vomit?” may now merit a place in anesthetic practice and 
should be considered as a simpler alternative to apomor- 
phine or stomach tubes. 


D. Suresh, DA, FFARCSI 
Department of Anesthesiology 
Duke University Medical Center 
Box 3094 

Durham, NC 27710 
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A Method for Withholding Sedatives 
From Patients Before Obtaining 
Surgical Consent 


To the Editor: 


In our busy outpatient surgery department, we have cared 
for many nervous patients who were given sedatives as soon 
as their intravenous infusions were started only to discover 
that they had not yet signed their surgical consent forms. Our 
desire to withhold such medications before this document 
was completed led us to devise a sign (see Figure 1) that was 





Figure 1. 
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placed on the intravenous pole of the patient's stretcher. This 
clearly indicated to all personnel the need to obtain a signed 
consent before administering sedatives. The use of this sign 
has eliminated the problem of obtaining consent from sedated 
patients at our institution. 


Mitchel B. Sosis, MD, PhD 

Burton Braverman, PhD 

Anthony D. Ivankovich, MD 
Department of A 4esthesiology 
Rush-Presbyteriat-St. Luke's Medical Center 
1733 West Congress Parkway 

Chicago, IL 60612 





Masseter Muscle Spasm in Children 


To the Editor: 


Littleford and colleagues (1) have raised provocative, chal- 
lenging, and clinically important questions in their article 
on masseter muscle spasm (MMS). 

To discuss thoroughly the issues they raise would re- 
quire more space than a letter to the editor permits. We will 
therefore limit our comments to the most important find- 
ings. 

First, Littleford et al. confirm that MMS occurs not 
infrequently in children (0.3% of inhalation agents in which 
succinylcholine was used—somewhat lower than that of 
the several studies demonstrating 1% incidence of MMS in 
such circumstances). 

They also demonstrate that in 61 patients with MMS, 
there was “no .ong-term morbidity and no mortality” when 
the anesthetic was continued with an inhalation agent fora 
mean duration of 1.5 h. However, in four patients, the 
anesthetic was aborted; and in four others, the anesthetic 
was switched to a nontriggering technique. 

Littleford et al. separate the patients with MMS into two 
groups—those experiencing generalized rigidity (chest and 
limbs) and those experiencing isolated MMS only. They 
imply that generalized rigidity is more ominous than iso- 
lated rigidity. Indeed, the eight children whose anesthetic 
was stopped or switched belonged to the generalized 
rigidity group. Hackl et al. (2) and Larach et al. (3) have also 
suggested that generalized rigidity is more often associated 
with malignant hyperthermia (MH) susceptibility. There- 
fore, they conclude that “... anesthesia can be continued 
safely in cases of isolated MMS when careful monitoring 
accompanies diagnostic evaluation.” What is their advice 
regarding patients experiencing generalized rigidity? 

How too can they be secure in the separation of the two 
groups? In the pressure of the moment, how can we be sure 
that the clinician was able to detect limb and/or chest 
rigidity? Five cf the 11 children with generalized rigidity 
had neuromuscular or skeletal abnormalities, which means 
that at least some degree of rigidity was present before the 
administration of the anesthetic. 

Although postoperative creatine kinase was higher in 
the generalized rigidity group, there was an overlap be- 
tween the two groups as there was in the serum potassium 
values. There was no difference between the groups in 
carbon dioxide tension, pH, arrhythmias, temperature, and 
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myoglobin in the urine or serum—values more rapidly 
available than creatine kinase. In other words, the differ- 
ences between the groups might be more apparent than 
real. If they imply that after generalized rigidity the anes- 
thesia management should be different than after isolated 
rigidity, they are on shaky grounds in separating the 
groups. 

Another significant problem in the paper is a failure of 
the authors to define MH. They evidently feel that meta- 
bolic and respiratory acidosis (pH as low as 7.12), hyper- 
kalemia, rhabdomyolysis, arrhythmias, hyperthermia, 
along with muscle rigidity (all of which occurred in some 
cases in both groups) do not represent MH. What is their 
definition of MH? Fever of 40°C? Sustained rigidity? Death? 
Indeed, what is the incidence of MH in their institution? 

Based on the data they present, we believe that a 
significant percentage of the patients that developed either 
isolated or generalized MMS did experience MH. In fact, in 
four instances, clinicians were so convinced that they 
administered dantrolene. 

What we have learned over the past 20 yr is that fever is 
a late sign of MH, the syndrome may take several hours of 
anesthetic exposure to develop, and that not all cases of 
MH are fulminant. The fulminant case is the tip of the 
iceberg. 

Muscle biopsy with halothane and caffeine contracture 
testing is the most widely accepted way to determine MH 
susceptibility after questionable signs of MH. Winnipeg is a 
diagnostic center for MH. Why were biopsy results not 
reported? 

Even leaving aside the controversial issue of the re- 
ported high percentage of biopsies positive for MH after 
MMS, the clinical literature contains many case reports of 
fulminant MH, sometimes leading to death, if inhalation 
anesthetic agents are continued after MMS (4-8). In at least 
four of the patients presented by Littleford et al., dan- 
trolene was used and the anesthetic stopped. Perhaps in 
other patients subtle modifications of the anesthetic oc- 
curred such as reduction of inhaled concentration, discon- 
tinuation of the inhalation agent midway in the adminis- 
tration of anesthetic, thereby lessening the likelihood of 
fulminant MH; or perhaps it was luck that none of these 
patients experienced fulminant MH. Certainly good medi- 
cal management prevented renal damage after the many 
instances of myoglobinuria and acidosis. 

Given the undeniable evidence that fulminant MH will 
develop in some patients (perhaps to the authors, the only 
true form of MH) after MMS and that cardiac arrest will 
develop in others and they will be found to have Duchenne 
dystrophy after MMS (6), the logic of continuing anesthesia 
with a known trigger for MH when there are alternative 
nontrigger agents available escapes us. To us, this proce- 
dure puts convenience ahead of safety. 

We urge clinicians to disregard the advice that trigger 
anesthetic agents for MH be continued after MMS even 
with end-tidal CO, and with arterial blood gas monitoring. 
Our concern is that once end-tidal CO, begiris to rise 
dramatically and the diagnosis of MH is made; the delay in 
mixing and in administering dantrolene in sufficient quan- 
tities will produce injury or death. Although the chances of 
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this happening are small, why court the risk? Even one 
preventable death is too many. 

- What should be done after MMS in an elective proce- 
dure? Stop, evaluate the extent of myoglobinuria and 
hyperkalemia, rule out unsuspected neuromuscular dis- 
ease, observe for fulminant MH, consider muscle biopsy, 
and come back another day. . 

We believe that Littleford’s paper will arouse great 
interest and debate. We hope that their 69th or 70th case of 
MMS does not prove what has been shown already, both in 
the peer-reviewed literature and through the MHAUS 
hotline, that MMS precedes MH in some patients and that 
even in 1991, MH may be fatal. 


Henry Rosenberg, MD 
Department of Anesthesiology 


John G. Shutack, DO 

Departments of Anesthesiology and Pediatrics 
Hahnemann University 

Broad and Vine 

Philadelphia, PA 19102 
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In Response: 


The letter of Drs. Rosenberg and Shutack indicates that 
there are differences of opinion regarding the interpretation 
of the significance of isolated MMS. 

Our paper analyzes “our experience in all cases of 
masseter spasm identified during a 10-yr period, concen- 
trating on the outcome of children who developed isolated 
MMS and in whom the same anesthetic was continued” (1). 
Our practice was established before the publication in 1978 
of a paper suggesting the possible relationship between 
MMS and MH (2). Since then, there have been numerous 
papers on MMS and on its significance or lack of it, which 
have perpetuated the diagnostic predicament. Based on our 
experience dating from the 1960s that episodes of isolated 
MMS after administration of halothane and succinylcholine 
did not progress to a state of fulminant hypermetabolism, 
we believed that the continuation of triggering agents was 
not unsafe. Therefore, our decision not to discontinue 
triggering agents while surgery proceeded was not based 
on convenience, as stated by Drs. Rosenberg and Shutack. 
On the contrary, the degree of vigilance in managing these 
patients was further heightened. 
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The key to the clinical diagnosis of MH is the ongoing 
evidence of hypermetabolism reflected in symptoms or 
signs that are extraordinary for that patient and procedure 
(3). Indeed, the earliest sign is a rapidly increasing end- 
expiratory CO, concentration despite seemingly adequate 
ventilation. Most other signs are secondary and related to 
sympathetic stimulation (4) and are therefore less reliable. 

Several of the metabolic changes appearirig early during 
an MH reaction occur in other pathological states. These are 
also observed in normal children during halothane anes- 
thesia. In our experience, random samples of capillary 
blood gases frequently show base deficits of —6 to —10 in 
fasting pediatric patients and CO, tensions of 60-70 mm Hg 
in spontaneously breathing patients. In addition, a pH 
range of 7.14-7.24 is not uncommon in these patients. 
When MMS occurs, there is increased vigor in searching for 
and recording the signs and laboratory data suggestive of 
hypermetabolism. It is possible that a prospective study 
comparing matched groups of anesthetized children (those 
with MMS and those without) would show parallel changes 
in pH, body temperature, and incidence of arrhythmias 
during halothane and succinylcholine administration. Such 
a study is presently lacking. It may be that the significance 
of the laboratory findings in patients with isolated MMS is 
overstated. 

Our clinical observations and laboratory data were col- 
lected by the same group of anesthesiologists from a single 
community-based hospital population. One would expect 
the quality and quantity of data to be less variable than 
those reported by other investigators with a wide referral 
base. 

Contrary to the reservations of Drs. Rosenberg and 
Shutack, it was possible for us to clearly identify patients who 
developed rigidity of other muscle groups besides the mas- 
seter muscle. Generalized rigidity has proven to be of greater 
prognostic value than other adverse anesthetic reactions 
known to be associated with MH (5,6). Our current practice in 
cases where generalized rigidity accompanies MMS is to treat 
the patient according to the Malignant Hyperthermia Associ- 
ation of United States (MHAUS) protocol. Our incidence of 
MH using generalized rigidity as a criterion was 11 of 42,000 
cases over the 10-yr study period. 

The results of our muscle biopsies, to be submitted for 
publication, are similar to those previously reported by Dr. 
Rosenberg. These results were not included with the paper 
under discussion as all of the patients had not been tested 
at the time of submission of the manuscript. Drs. Rosen- 
berg and Shutack state that “muscle biopsy with halothane 
and caffeine contracture testing is the most widely accepted 
way to determine MH susceptibility after questionable 
signs of MH.” This is true but does it mean that this 
practice is based on scientifically incontrovertible evidence? 
There is a high correlation between a fulminant MH epi- 
sode and a subsequent positive biopsy in a patient. How- 
ever, the opposite is not necessarily true. Individuals who 
are tested on the basis of possible MH susceptibility be- 
cause of a positive family history are clustered into three 
patterns of biopsy results: positive, negative, or equivocal. 
Inevitably, individuals who test positive or equivocal are 
shielded from MH-triggering anesthetic agents. Therefore, 
we will probably never know if a positive muscle biopsy 
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predicts the potential for an MH crisis. The North American 
Malignant Hyperthermia Registry has been instrumental in 
looking clos2ly at the presently available biopsy-testing 
criteria. Most investigators in the field of MH are acutely 
aware of the many causes of variability of results and 
realize that the interpretation of biopsy results is fraught 
with uncertainties. Three years have elapsed since the new 
standards have been in place, but the key issue of whether 
a positive bicpsy predicts positive clinical risk has yet to be 
scientifically proven. 

Indeed, the strength of our study is that it has allowed 
us to conclude, independent of biopsy results, that isolated 
MMS is unlikely to be accompanied by any significant 
clinical indicators of hypermetabolism. Whether MMS is a 
variation of MH with mild symptomatology, a graded 
susceptibility as proposed by Nelson et al. (7), or a benign 
pharmacolog:c response to depolarizing agents is not 
known. Whether an individual anesthesiologist encounter- 
ing MMS should continue the triggering anesthetic agents 
or should follow the conservative approach of Drs. Rosen- 
berg and Shu-ack and desist, depends on one’s knowledge 
of the most likely clinical course of MMS and on one’s 
ability to recoznize and to deal with a fulminant MH crisis. 
Our study revorts retrospectively our experience with 57 
cases of isolated MMS and points out that by continuing the 
triggering anesthetic agents, there was no increase in 
long-term merbidity when compared with the outcome 
data over the same period for 42,000 pediatric patients who 
were anesthetized. We do not intend to proselytize others, 
especially those unfamiliar with the management of MH. 
However, we do want to provide data that could help 
anesthesiologists make informed decisions regarding the 
management of MMS and to question such prevailing 
dogma based on incomplete scientific evidence. Our paper 
raises issues that need to be examined in controlled pro- 
spective studies. 

Leena R. Patel, MD, FRCPC 


Department of Ar esthesia 
Section of Pediatric Anesthesia 


Deepak Bose, MD, PhD 
Departments of Avesthesia, Pharmacology and Therapeutics, and 
Internal Medicine 


Judith A. Littleford, BSc, MD 


Department of Anesthesia 
University of Maritoba 

Faculty of Medicine 

Winnipeg, MB, Canada R3A 1S1 


References 


1. Littleford JA, Patel LR, Bose D, Cameron CB, McKillop C. Masseter 
muscle spasm :n children: implications of continuing the triggering 
anesthetic. Anesth Analg 1991;72:151-60. 

. Donlon J, Newfeld P, Sreter F, Ryan JF. Implications of masseter spasm 
and succinyichoine. Anesthesiology 1978;49:298-301. 

. Gronert GA. Malignant hyperthermia. Anesthesiology 1980;53:395-423. 

. Gronert GA. Malignant hyperthermia. Semin Anesth 1983;11:197~204. 

. Hackl W, Mauritz W, Schemper M, et al. Prediction of malignant 
hyperthermia susceptibility: statistical evaluation of clinical signs. Br J 
Anaesth 1990;64425-9. 

6. Larach MG, Rosenberg H, Larach DR, bioen AM. Prediction of 
malignant hyperthermia susceptibility by clinical signs. Anesthesiology 
1987;66:547--50. 

7. Nelson TE, Flewellen EH, Glowyna DF. Spectrum of susceptibility to 
malignant hyperthermia—diagnostic dilemma. Anesth Analg 1983;62: 
545-52. 


in a O Nm 


364 LETTERS TO THE EDITOR 


Triggering Agents Continued After 
Masseter Spasm: There Is Proof in 
This Pudding! 


To the Editor: 


The article by Dr. Littleford et al. underscores important 
points and corroborates our experiences (1). In 57 children 
with isolated masseter spasm, general anesthesia was con- 
tinued with an inhalation agent; yet, the previously pre- 
dicted hvpermetabolism did not follow. Thus, the contention 
‘isolated masseter spasm heralds, or is the harbinger of, 
malignant hyperthermia...’ ’ (2,3) can be laid to rest: it does 
not herald, nor is it a harbinger. This experience is consis- 
tent with four reports (4-7). 

The hallmark of malignant hyperthermia (MH) is the 
presence of hypermetabolism, which results in an increased 
carbon dioxide (CO,) production (8,9); without an in- 
creased CO, production, MH has not occurred. Thus, 
spontaneous ventilation would have indicated hyperme- 
tabolism in Dr. Littleford’s patients as a considerably in- 
creased minute ventilation, which did not occur in any 
patient. However, the lead time to detection of respiratory 
signs may be quite variable, as the anesthesiologist inter- 
mittently notes respirations; initial changes may escape 
attention. An increased CO, production is reflected in a 
raised end-tidal level of CO, (Petco,); by current method- 
ology, it is the most sensitive and specific sign for the 
presence of hypermetabolism, and also the earliest (9). 
Thus, Perco, measurements during controlled ventilation 
with constant minute ventilation allows for early detection 
of an increased CO, production and, therefore, for early 
treatment of “the real thing.” 

For purposes of intraoperative management, Dr. Little- 
ford et al. make a clear distinction between isolated masseter 
spasm and masseter spasm associated with rigidity of other 
muscle groups. “Isolated” pertains to rigidity of the masti- 
catory muscles in the absence of muscle rigidity elsewhere 
in the body. Isolated specifically does not reflect on other 
often cited signs such as arrhythmias and hypertension, 
which have been long associated with the induction of 
general anesthesia, specific drugs, and tracheal intubation. 
Post hac tests (creatine kinase [CK] and myoglobin levels, 
contracture tests) cannot-be used intraoperatively either, 
while these tests and cardiovascular signs lack any speci- 
ficity for hypermetabolism. The authors do not appear to 
rely on the cardiovascular signs or on plasma levels for 
identification of MH susceptibility; neither do we. Isolation 
of the rigidity, in the absence of hypermetabolism, was key 
in their, and is in our, decision to proceed with anesthesia. 
Generelized rigidity has been more clearly identified with 
neuromuscular diseases and morbidity causing more un- 
certainty about continuation of anesthesia. 

An elevated serum CK level is consistent with muscle 
membrane permeability changes and with cell injury for 
which it is a sensitive indicator. However, an elevated 
serum CK level lacks specificity, whether it concerns phys- 
iology (10,11), pharmacology, or pathology (12); their dif- 
ferentiation requires corroborating evidence. It is not clear 
why CK is released at times and what its clinical importance 
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is beyond “a muscle process” (except during extreme 
myoglobinuria [13]). For example, CK levels of healthy 
volunteers can be large (up to 11,000 IU/L after one arm 
exercise for 20 min, 180,000 IU/L after leg exercise for 
20 min), delayed (with peaks 3-5 days after exercise, with 
normal values returning only after 8 or more days), and 
show great variation (10,11). In view of the variation in CK 
levels in healthy individuals, I conclude that the banding of 
subjects on the basis of a CK of 10,000-—20,000 (14-17) is too 
naive to discriminate the potential MH-susceptible individ- 
ual from those that are not susceptible. This is underscored 
by Dr. Littleford’s study results from 68 subjects with 
values of 19,000-77,503 (mean) and 138,000-184,200 IU/L 
(peak). It should be remembered that a raised serum CK 
level is common, whereas MH is rare. Dantrolene treat- 
ment has recently been recommended for isolated masseter 
spasm and for potential CK or myoglobin increases (16,17). 
A scientific foundation for such therapy has not been 
established (13); neither is treatment supported by the 
experience of Dr. Littleford’s 57 patients. 

Since 1988, we have observed isolated masseter spasm 
after succinylcholine “relaxation” in 6 subjects, aged 
3-14 yr; all patients were intubated, and halogenated 
agents were continued for 1-3 h. Minimal Perco, changes 
were noted; hypermetabolism could not be demonstrated, 
and, therefore, dantrolene was not administered. In our 
institution, four patients with a history of isolated masseter 
spasm underwent an anesthetic induction with haloge- 
nated agents. Two of them received nondepolarizing relax- 
ants, the others received 1.5 mL/kg of succinylcholine 
intravenously. Masseter spasm did not reoccur in one; in 
the other, the mandibular incisors indented the endotra- 
cheal tube, while jaw motion was tracked continuously 
with a kinesiograph. Subsequent jaw openings demon- 
strated an increased stiffness that did not permit the open- 
ing to reach baseline until 10 min after succinylcholine . 
administration. Anesthesia lasted at least 60 min, and 
hypermetabolism could not be demonstrated. 

Experience with the halothane-caffeine contracture test 
would suggest that perhaps 50% of Dr. Littleford’s subjects 
may be labeled “susceptible” to MH (14,18,19). Yet, no 
subject in this series became hypermetabolic, thereby seri- 
ously challenging the value of contracture testing and its 
ability to distinguish the MH-susceptible from the nonsus- 
ceptible human. We are left to wonder what the meaning is 
of the halothane-caffeine contracture test. 


Abraham F. L. van der Spek, MD 
Department of Anesthesiology 

Med Inn Building C4139 Box 0800 
University of Michigan 

Ann Arbor, MI 48109-0800 
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Pressure Monitoring Hose Causes 
Leak in Anesthesia Breathing Circuit 


To the Editor: 


Anesthesia breathing circuit leaks are a common problem 
(1). We discovered a tear in a pressure monitoring hose 
adjacent to the metal adapter that connects to the anesthe- 
sia machine (Figure 1). The hose damage was probably 
caused by a stretcher or bed that bumped into the adapter. 
We recommend that our colleagues consider this hose as a 





Figure 1. The hole in the plastic pressure monitoring hose is 
visible where.it attaches to the metal adapter. 
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potential leak source when searching for breathing system 
leaks. 


Oliver Lee, MD 
New York University School of Medicine 
New York, NY 10016 


Richard M. Sommer, MD 

Anesthesiology Service, 190 

Department of Veterans Affairs Medica! Center 
423 East 23 Street 

New York, NY 10010 
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Analgesic Synergy Between 
Intrathecal Opioids and 
Local Anesthetics 


To the Editor: 


We read with interest the article by Badner et al. (1) that 
failed to find an enhancement of analgesia and that re- 
ported possible increased morbidity when combining low- 
dose bupivacaine and epidural fentanyl after knee surgery. 
They clearly demonstrate that postoperative infusion of 
epidural fentanyl with or without administration of low- 
dose bupivacaine results in acceptable analgesia as evi- 
denced by visual analogue scale (VAS) scores of 15-40 mm 
(0 = no pain and 100 = worst pain ever). However, the 
experimental design may not have permitted a finding of 
analgesic synergy. That is, in the face of the adequate 
analgesia produced by epidural administration of fentanyl 
alone, it would be difficult to show statistically significant 
differences (i.e., reduction) in VAS scores after the addition 
of low-dose bupivacaine to the original dose of fentanyl. A 
more useful approach may have been to determine VAS 
scores after a 50% reduction of the epidural dose of fentanyl 
in combination with low-dose bupivacaine. 

The conclusion that the addition of low-dose bupiv- 
acaine to epidural fentanyl may increase morbidity sug- 
gests an interaction. However, it is highly unlikely that 
morbidity could have been equal or less as the same dose of 
fentanyl was administered to both groups. The objective 
when coadministering intraspinal opioids with low-dose 
local anesthetics should be to (a) reduce the dose of opioid, 
(b) maintain or enhance the degree of pain relief, and (c) 
decrease the incidence of adverse effects. 

We have recently concluded a study that clearly demon- 
states, by quantitative isobolographic analysis, analgesic 
synergy between intrathecal morphine and lidocaine dur- 
ing both visceral and somatic nociception in the rat. More- 
over, the supraadditive antinociception occurs at dosages 
that do not impair motor function. There is scientific 
justification and therapeutic rationale for coadministration 
of intraspinal opioids and local anesthetics in pain manage- 
ment. However, they should be combined in ratios that 
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maintain or improve analgesia while decreasing adverse 
effects. 


Timothy J. Maves, MD 

G. F. Gebhart, PhD 

Departments of Anesthesiology and Pharmacology 
University of lowa College of Medicine 

Iowa City, IA 52242 
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In Response: 


We thank Drs. Maves and Gebhart for their interest in our 
paper comparing the use of epidural fentanyl with epidural 
fentanyl and 0.1% bupivacaine (1). Our study was designed 
only to compare the concentrations used and not to deter- 
mine if synergy does or does not occur between epidural 
opioids and local anesthetics. Our conclusions were there- 
fore intended to convey the fact that the addition of 0.1% 
bupivacaine per se does not improve the efficacy of epidu- 
ral fentanyl in a concentration of 10 ug/mL. We chose these 
concentrations as they are used routinely and have been 
reported by others to be superior to this concentration of 
epidural fentanyl alone (2-4). We cannot argue with Drs. 
Maves and Gebhart’s findings, as well as the findings of 
others (5), that the addition of local anesthetics to intrathecal 
opioids improves analgesia in rats. Our study simply 
showed that 0.1% bupivacaine is not the appropriate con- 
centration for epidural fentanyl in a 10-ug/mL concentration 
in patients after total knee joint replacement. Although we 
suggested that morbidity was increased with the addition 
of 0.1% bupivacaine, the one case of respiratory depression 
was most likely due to the epidural fentanyl and not to an 
additive effect of the combination. In fact, as we suggested 
in the discussion, a higher concentration of bupivacaine 
may be necessary to allow a decrease in epidural fentanyl 
requirements and thereby show a synergistic effect. We are 
presently investigating this possibility in an ongoing study. 


Neal H. Badner, MD, FRCP(C) 

Wendy E. Komar, RN 

Department of Anaesthesia, University Hospital 
University of Western Ontario 

London, Ontario, Canada N6A 5A5 
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Addition of Low-Dose Bupivacaine 
to Epidural Fentanyl Infusion 


To the Editor: 


Badner et al. (1) state that low-dose bupivacaine does not 
improve epidural fentanyl infusion analgesia after knee 
surgery. We find this conclusion to be premature. 

In their study, the infusion rate was begun at 60 g/h in 
both groups, with increases of 20 pg/h with any patient 
complaint of significant pain. These doses are not unusual 
for the early postoperative period, but there was no provi- 
sion for decreasing the dose in patients who did not 
complain of pain or of weaning those whose doses had 
been increased. Infusion rates were only decreased if pa- 
tients became somnolent. This methodology resulted in 
steadily increasing dosages over the first and second post- 
operative days, such that by the second day, the average 
infusion rate in both groups was 80 ug/h, an unusually high 
rate for this late in the postoperative course (2,3). In our 
practice, hourly dosages progressively decrease from 
60-80 ug on the day of surgery to 40-60 ug on the first 
postoperative day, and 30-40 yg on the second postopera- 
tive day. The average serum fentanyl levels in the study 
increased to 2 ng/mL by the second postoperative day, 
significantly higher than that found in other studies (3,4), 
producing unacceptably high incidences of side effects 
(4,5). When both groups are given such high doses of 
fentanyl, it may be difficult to tell whether addition of 
bupivacaine makes any difference. 

If the clinical goal of adding bupivacaine is to decrease 
the dose of fentanyl, why not set up the study to routinely 
decrease the infusion rate on patients who are comfortable 
(3)? One could also use patient-controlled analgesic or 
similar techniques, as our group and many others do, to 
optimize fentanyl dosage (4,6,7). Either of these methods 
would allow a possible fentanyl-sparing effect of bupiv- 
acaine to be more easily determined. 

Adding low-dose bupivacaine to epidural fentanyl infu- 
sions may be beneficial in certain patient populations. More 
study is needed before conclusions are drawn. 


Wilfred Prados, MD 

Department of Anesthesiology 
University of Alabama at Birmingham 
619 South 19th Street 

Jefferson Towers, Suite 845 
Birmingham, AL 35233 
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In Response: 


We thank Dr. Prados for his interest in our paper compar- 
ing the use of epidural fentanyl with epidural fentanyl and 
0.1% bupivacaine (1). Our method of infusion rate adjust- 
ment was designed to allow titration to patient require- 
ments, and as noted, specifically included criteria for de- 
creasing the rate. The fact that the rate needed to be 
increased indicates that our patients were experiencing 
more pain, possibly because of increasing mobilization that 
is routine on the first and second postoperative days. Dr. 
Prados claims that the epidural requirements should be 
decreasing at this time; however, of the two papers that he 
refers to, the study by Bodily et al. (2) only dealt with the 
first 24 h, during which time the patients’ epidural fentanyl 
requirements only decreased in the first 2 h. In the second 
study, that by Guillen et al. (3), the protocol was to begin 
decreasing the epidural infusion rate on the third postop- 
erative day and not sooner. In fact, the amounts of epidural 
fentanyl that our patients required and the resulting serum 
concentrations that occurred are consistent with those from 
a variety of other patient populations (4-6). 

Whether the use of patient-controlled epidural fentanyl 
analgesia decreases epidural narcotic requirements was not 
addressed by Bodily et al. (2) or Chrubasik et al. (7) and 
needs further verification other than the 13 patients re- 
ported as an abstract by Boudreault and Brasseur (8). 


Neal H. Badner, MD, FRCP(C) 

Wendy E. Komar, RN 

Department of Anaesthesia, University Hospital 
University of Western Ontario 

London, Ontario, Canada N6A 5A5 
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Catheter Spinal Anesthesia and 
Cauda Equina Syndrome: An 
Alternative View 


To the Editor: 


As proponents of continuous spinal anesthesia (CSA), we 
were distressed by the reports of cauda equina syndrome 
presented by Rigler et al. (1). We find our experience with 
more than 200 continuous spinal anesthetics differs mark- 
edly from the authors’, and we take issue with several 
points as they were presented. | 

First, careful perusal of the affected patients reveals that 
two of the four patients had preexisting neurologic abnor- 
malities. Patient 1 had experienced continued pain after 
lumbar laminectomy and cannot be considered to have 
“normal” function. Patient 3 had received lumbar parasym- 
pathetic blocks for presumed reflex sympathetic dystrophy. 
One must consider the possibility that these patients were 
already neurologically compromised, and intraoperative 
events tipped the scales toward a permanent cauda equina 
syndrome. In addition, one must question the wisdom of 
selecting a regional anesthetic technique for a patient with 
preexisting neurologic deficits. 

We strongly disagree with the statement that “clear 
guidelines for the safe administration of local anesthetics 
... with CSA remain to be established.” Nearly a century 
of clinical practice and careful scientific study has produced 
a body of both evidence (2,3) and opinion (4) that defines a 
clear therapeutic window for the safe administration of 
local anesthetics in the subarachnoid space. This body of 
knowledge, elegantly discussed by Rigler et al., has im- 
proved the safety of spinal anesthesia. Hence, it is difficult 
to justify a clinical practice that requires amounts of local 
anesthetics that are far in excess of standard “single-shot” 
doses to achieve adequate neuroaxial blockade. The use of 
large amounts of lidocaine “tailored to achieve appropriate 
dermatomal level” or the use of 28 mg of tetracaine (some 
“old” and some “new”) to achieve initial subarachnoid 
block appears to disregard the narrow toxic-to-therapeutic 
ratio of local anesthetics. 

The authors point out that Lemmon and Paschal (5) 
discussed “individual tolerance’ and advocated using 
large doses of local anesthetics to overcome this phenom- 
ena. We have also reviewed this literature and have 
developed a different (and we believe safer) approach to 
this phenomena of “relative resistance.” Dripps (6) noted 
that changing local anesthetic agents frequently overcame 
an incomplete block and increased the success rate of spinal 
anesthetics. Our current practice advocates the use of 
alternative local anesthetic agents and/or narcotics if the 
initial agent does not have the desired effect. This practice 
has led to our low agent-related failure rate (defined as 
failed CSA after technically correct subarachnoid catheter 
placement). Although the pioneering work of Lemmon, 
Dripps, Tuohy (7), and Apgar (8) has much to offer the 
practitioner of CSA, their work must be evaluated in its 
proper historical context. Much has changed in the 50 yr 
since their work was first published. We do not currently 
use malleable spinal needles in preference to 3.5F ureteral 
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catheters, nor should we adhere to techniques espoused in 
the absence of technologically improved equipment, 
agents, and advanced understanding of local anesthetic 
action and toxicity. 

The issue of local anesthetic maldistribution through 
microcatheters may indeed be a problem (9); however, 25% 
of the cases reported by Rigler et al. occurred with a 
macrocatheter technique. in this light, the implication of 
microcatheters as the cause of neurologic catastrophe ap- 
pears less than solid. The question of “tachyphylaxis” has 
yet to be defined. Our experience with more than 50 cases 
of postoperative intrathecal local anesthetic infusions has 
failed to show any evidence of either tachyphylaxis or 
neurologic injury despite infusion durations of several days 
(10). 

Our practice (and recommendations) differ from those of 
Rigler et al. For CSA we use initial doses of local anesthetics 
that have been found to be safe from many years of clinical 
practice; i.e., 25-100 mg of 5% lidocaine, 5-15 mg of 0.5% or 
0.75% bupivacaine, or 5-10 mg of 1% tetracaine. If the 
initial block is successful, then the concentration and baric- 
ity of subsequent doses is tailored to produce surgical 
anesthesia in the desired field. We believe there is no need 
to continue producing sacral anesthesia with hyperbaric 
solutions when the surgical field does not involve this 
region. When judicious initial doses of local anesthetic fail 
to produce adequate anesthesia, we recommend using 
different local anesthetic agents, narcotics (fentanyl, sufen- 
tanil, or meperidine), or combinations thereof to achieve 
adequate blockade. We have found this practice to be both 
effective and safe. Our incidence of failure with CSA has 
been reduced to only those instances in which technical 
difficulties with catheter placement occur. 

In conclusion, we applaud the courage of Rigler et al. 
in presenting cases that were managed in an atypical 
fashion, but we strongly disagree with their conclusions. 
The authors may have defined the numerator of a 
potential problem, but the denominator remains to be 
determined. We feel from our experience that the incidence 
of cauda equina syndrome (or other neurologic injuries) 
with catheter spinal anesthesia is not a common occur- 
rence. We believe that rather than slavish adherence to 
arbitrary guidelines, prudent practitioners of CSA should 
thoroughly acquaint themselves with both the contempo- 
rary and historical literature regarding CSA and arrive at 
their own conclusions. Practitioners may then find that the 
fault lies not with their catheter but rather with themselves. 


Brian K. Bevacqua, MD 
William F. Cleary, MD 
Alexey V. Slucky, MD 
Department of Anesthesiology 
Case Western Reserve University 
Cleveland, OH 44106 
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To the Editor: 


We read the extremely interesting article by Rigler et al. 
concerning cauda equina syndrome after CSA (1). The article 
certainly does present four cases of cauda equina syndrome 
after the use of CSA. However, the complications that ensued 
are more accurately attributed to local anesthetic toxicity, 
probably an overdose combined with possible over- 
concentration (not “maldistribution’’) rather than the tech- 
nique of CSA itself. In fact, the authors make the case for this 
in their explanation. However, in all four cases high initial 
doses of local anesthetic were administered. Why did the 
authors choose such large doses in conjunction with contin- 
uous spinal technique? The ability to administer additional 
incremental doses of local anesthetic, such as during the 
continuous catheter technique, allows the anesthesiologist to 
start the technique with lower doses when compared with 
single-shot spinal anesthesia. 

The question of maldistribution is also raised by the 
authors. We believe the problem may be better explained as 
a result of injecting high concentrations of local anesthetic 
into a small area. If such high dosés are injected through a 
28-gauge catheter, and this will be a slow injection, this 
may bathe exposed unmyelinated neural tissue in high 
concentrations. Therefore, we believe the title should re- 
flect the high doses used and the small-lumen catheter 
employed in three of the four cases. Both are more signif- 
icant contributing factors than the continuous technique 
itself. 


Alan L. Rosenberg, MD 

Martin I. Gold, MD 

Anesthesiology Service (139) 

University of Miami School of Medicine 
VA Medical Center 

1201 NW 16th Street 

Miami, FL 33125 
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To the Editor: 


Dr. Rigler and his colleagues (1) are to be congratulated on 
publishing (as a guide and warning to others) their cases of 
cauda equina syndrome after CSA and also on their wide- 
ranging consideration of the possible etiologic factors. 
However, I would like to raise two factors that are men- 
tioned in their paper but which I believe require more 
emphasis. 

First, each patient received a solution that had a tonicity 
(~450-500 mOsm) that was significantly in excess of body 
fluid. Those portions of the spinal nerve roots that lie in the 
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subarachnoid space do not have nerve sheaths and are, I 
would suggest, very susceptible to osmotic damage. When 
hypertonic solutions are injected during single-shot spinal 


anesthésia, they disperse widely and are rapidly diluted. 


However, injection through a catheter can occasionally lead 
to restricted spread and so the cauda equina may be 
exposed to relatively undiluted solution. 

The second point relates to the usual reaction fo such 
restricted spread, which is to give a further dose in the 
hope of extending the block, even though there is now 
good evidence that extent of block is only weakly related to 
the amount of solution injected (2). When more solution is 
injected it will not necessarily result in extension of the 
block, but simply cause a further localized increase in 
tonicity and in the risk of nerve damage. 

I totally agree that only small increments of drug should 
be given through a spinal catheter and that the response to 
a very restricted block should not be a simple repeat 
injection but a careful consideration of the causes, particu- 
larly the possibility that too much catheter has been in- 
serted. I would also suggest that only solutions with a 
tonicity near to thdt of cerebrospinal fluid be used. The 
solution beginning to be favored here for CSA is 0.5% 
bupivacaine in 0.8% dextrose (3), which is produced by 
mixing thoroughly 9 mL of plain 0.5% bupivacaine with 
1 mL of the United Kingdom commercial preparation of 
“heavy” 0.5% bupivacaine. The mixture is injected in 
0.5-1-mL increments. 


J. A. W. Wildsmith, MD, FCAnaes 
Department of Anaesthesia 

The Royal Infirmary 

Edinburgh, EH3 9YW, United Kingdom 
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In Response: 


We appreciate the interest and concern expressed in these 
three letters. Our manuscript described four cases of cauda 
équina syndrome after CSA. Our purpose was to alert 
clinicians to this potential risk, to suggest a possible cause, 
and to use the available data to begin to establish much- 
needed guidelines for the safe administration of local anes- 
thetic through an indwelling subarachnoid catheter. 

Dr. Bevacqua et al. disagree with our assertion that clear 
guidelines have yet to be established for the safe conduct of 
CSA. They cité two references as the “body of evidence” 
defining a clear “therapeutic window” for the safe admin- 
istration of local anesthetic in the subarachnoid space. The 
first is a study of intrathecal injections in rabbits that was 
performed “to study the relationship between anesthetic 
concentration [not dose] and impaired neurological func- 
tion” in which the authors conclude that “none of the local 
anesthetics studied produced persistent neurologic damage 
in concentrations used clinically” (1). Their second refer- 
ence (a review article) devotes less than one paragraph to 
the question of local anesthetic neurotoxicity and includes 
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the comment “Concerns regarding spiridl cord damage 
resulting from mechanical trauma or spinal cord irritation 
from local anesthetic solutions are not well founded” (2). 

Although there are both experimental and human data 
(reviewed in our manuscript) to suggest that currently used 
local anesthetics can result in neurotoxic injury, the “ther- 
apeutic window” has never been clearly defined. Bevacqua 
et al. also cite as “opinion” a 1961 review article by Nicholas 
Greene that contains insightful comments regarding the 
advisability of limiting concentration and dose of local 
anesthetic but does not provide clearly defined guidelines 
for the safe practice of CSA (3). 

The guidelines offered in our manuscript are not arbi- 
trary, but derived from analysis of the four cases and a 
review of existing clinical and experimental data. We do not 
advocate “slavish adherence” to any set of guidelines, but 
assume clinicians will recognize the importance of under- 
standing the information upon which guidelines are based 
and will appreciate that guidelines require modification as 
additional information becomes available. 

Dr. Bevacqua et al. appear to confuse our recommended 
guidelines with the cases from which they were derived. 
We have suggested the lowest effective concentration of 
local anesthetic be used for CSA. This recommendation is 
based on data indicating that the risk of neurologic injury 
is, at least in part, concentration-dependent. If maldistribu- 
tion occurs, the concentration of local anesthetic will not be 
adequately diluted by cerebrospinal fluid. We believe that 
their suggestion to use 5% lidocaine, 1% tetracaine, and 
0.75% bupivacaine is unwise; these concentrations are in 
excess of what is needed for adequate blockade. 

They also recommend administering an alternate local 
anesthetic if anesthesia is inadequate after as much as 
100 mg of 5% lidocaine, but provide no data to demonstrate 
the increased safety of administering a second agent rather 
than additional doses of the same local anesthetic. They 
base their practice of changing local anesthetics on a study 
by Dripps (comparing CSA performed with a malleable 
spinal needle or with a 3.5F ureteral catheter) in which 
administration of a second agent produced satisfactory 
anesthesia in seven cases after failure of an “acceptable” 
dose of the first local anesthetic (4). Dripps even questioned 
the significance of this observation, commenting that “‘[re- 
sistance] may be a cause for failure, although seven such 
patients in a group of 486 seem excéssive. The possibility 
must be considered that in some instances the initial 
solution contained only the solvent (glucose or cerebrospi- 
nal fluid).”” If maldistribution of anesthetic is suspected, we 
have suggested using maneuvers such as changing patient 
position, altering the lumbosactal curvature, switching to a 
different baricity of local anesthetic, and/or manipulating 
catheter position to provide adequate extension of the 
block. If thése maneuvers fail, administration of a second 
local anesthetic likely will distribute in the same restricted 
pattern, adding to the potential for neurotoxicity. It appears 
far safer to abandon CSA if such maneuvers do not provide 
well-distributed anesthesia. 

We are concerned about Dr. Bevacqua et al.’s suggestion 
to use intrathecal local anesthetic solutions to provide 
postoperative analgesia of several days’ duration. There are 
animal data demonstrating that long-term infusions confer 
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substantial neurotoxic risk, e.g., significant neurologic def- 
icits have been observed in rats given subarachnoid infu- 
sions of 1.5% lidocaine for 36 h but not in rats given the 
same infusions for only 3 h (5). 

Dr. Bevacqua et al. suggest that their experience with 
CSA differs markedly from ours. This comparison is inap- 
propriate because our manuscript does not describe an 
overall experience with CSA. Although we described four 
cases of cauda equina syndrome after CSA, we were aware 
of several thousand cases of CSA performed at multiple 
institutions. No doubt, a significant reporting bias exists in 
the collection of these four cases (we have not defined the 
“numerator” of this problem). Nevertheless, a reasonable 
estimate is that the incidence of this complication is no greater 
than 1 per 1000 cases of CSA. On the surface, Dr. Bevacqua et 
al.’s experience might appear to differ because they have not 
observed a single neurologic complication in an unpublished 
series of 200 cases of CSA. However, if the 1 per 1000 estimate 
is correci, there is an 82% chance of not encountering a case of 
cauda equina syndrome in 200 cases (6), suggesting that their 
“true” long-term incidence of cauda equina syndrome may 
actually be no different from “ours” 

They question whether two of the patients were neuro- 
logically compromised preoperatively and whether “‘intra- 
operative events tipped the scales toward a permanent 
cauda equina syndrome.” However, the two patients in 
question had no apparent preoperative neurologic deficit, 
but rather chronic pain. Moreover, the preoperative symp- 
toms were not consistent with the observed postoperative 
sacral neurologic deficits, making an additive effect highly 
unlikely; and the lesions observed postoperatively in these 
patients were similar to those observed in the two patients 
without preexisting abnormalities. Dr. Bevacqua et al. 
further suggest that the choice of spinal anesthesia was 
ill-advised in the two “neurologically compromised” cases, 
but offer no data to support this contention. Most current 
anesthesia texts conclude that avoiding spinal anesthesia 
for patients who have back pain or have undergone lumbar 
laminectomy is based primarily on “emotional and proba- 
bly misguided medical legal influences” (7). 

We have not implicated microcatheters as the “etiology of 
neurolozic catastrophe.” Our postulate is that neurotoxic 
injury resulted from the combination of maldistribution and a 
relatively high dose of local anesthetic. Although we have 
speculated that maldistribution may occur more often with 


small catheters, it can occur with any catheter size. Three of . 


our cases involved a 28-gauge catheter and one a 20-gauge 
catheter, and we cited literature indicating that maldistribu- 
tion has occurred with catheters as large as 3.5F (8). 

Finally, we do not view reporting cases of adverse 
outcome as an act of courage. Reports of adverse outcomes 
enable others to avoid them. It is essential that we learn and 
advance, not individually, but rather from our collective 
experience. 

Drs. Rosenberg and Gold have misinterpreted maldis- 
tribution to mean something other than restricted distribu- 
tion resulting in unintentional high concentration of anes- 
thetic in the subarachnoid space. We do not agree that the 
initial doses of local anesthetic (35-50 mg of lidocaine or 
10 mg of tetracaine) were high. However, a major point in 
our manuscript was that’ maldistribution combined with 
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relatively high cumulative doses may result in neurotoxic 
injury. We do not agree that the title should reflect the use 
of a small-lumen catheter: that three of the four cases 
involved a small catheter may only reflect a reporting bias. 

Dr. Wildsmith’s letter highlights two factors that indeed 
deserve greater consideration. First, he has suggested 
greater emphasis on the possible role of hypertonicity in 
the cause of the observed neural deficits. We agree that 
hypertonicity may be an iniportant factor potentiating local 
anesthetic neurotoxicity, though existing data suggest that 
hypertonicity, by itself, is unlikely to have been the causal 
factor in these four cases (9,10). 

Second, although the role of dose and volume in the 
spread of anesthesia is somewhat controversial (11), we 
agree with his emphasis on the importance of considering 
possible causes of restricted distribution before administer- 
ing additional doses of anesthetic. If the initial dose has not 
produced well-distributed sensory anesthesia, additional 
doses should not be administered without the use of 
maneuvers to increase the spread of local anesthetic. 


Kenneth Drasner, MD 

Mark L. Rigler, MD 

Department of Anesthesia 

University of California, San Francisco 
San Francisco, CA 94143-0648 


Tom C. Krejcie, MD 
Sharon J. Yelich, MD 
Department of Anesthesia 
Northwestern University 
Chicago, IL 60611 


Faith T. Scholnick, DO 
Department of Anesthesia 
Suburban General Hospital 
Norristown, PA 19401 


James DeFontes, MD 
David Bohner, CRNA 
Department of Anesthesia 
Kaiser Permanente 

Orange County, CA 92807 


References 


1. Ready LB, Plumer MH, Haschke RH, Austin E, Sumi SM. Neurotoxicity 
of intrathecal local anesthetics in rabbits. Anesthesiology 1985;63:364-70. 

. Covino BG. Rationale for spinal anesthesia. Int Anesthesiol Clin 1989; 
27:8-12. 

. Greene NM. Neurological sequelae of spinal anesthesia. Anesthesiology 
1961;22:682-98. 

. Dripps RD. A comparison of the malleable needle and catheter technics 
for continuous spinal anesthesia. NY State ] Med 1950;50:1595-9. 

. Li DF, Bahar M, Cole G, Rosen M. Neurological toxicity of the sub- 
arachnoid infusion of bupivicaine, lignocaine or 2-chloroprocaine in the 
rat. Br J Anaesth 1985;57:424-9. 

6. Hanley JA, Lippman-Hand A. If nothing goes wrong, is everything all 
right? Interpreting zero numerators. JAMA 1983;249:1743-5. 

7. Murphy TM. Spinal, epidural, and caudal anesthesia. In: Miller RD, ed. 
Anesthesia. 2nd ed. New York: Churchill Livingstone, 1986:1083. 

8. Mérch ET, Rosenberg MK, Truant AT. Lidocaine for spinal anaesthesia. 
A study of the concentration in the spinal fluid. Acta Anaesthesiol Scand 
1957;1:105-15. 

9, Robertson JD. Structural alterations in nerve fibers produced by hypo- 
tonic and hypertonic solutions. J Biophys Biochem Cytol 1958;4:349--64. 

10. King JS, Jewett DL, Sundberg HR. Differential blockade of cat dorsal root 

C fibers by various chloride solutions. ] Neurosurg 1972;36:569-83. 

11. Stienstra R, Greene NM. Factors affecting the subarachnoid spread of 

local anesthetic solutions. Reg Anaesth 1991;16:1-6. 


nm fF GG N 





Section Editor 
Norig Ellison 


Book Reviews 


Anesthesia for Plastic and 

Reconstructive Surgery 

A. R. Abadir and $. G. Humayun, eds. Chicago: Mosby 
Year Book, 1991, 467 pp, $70.00: 


This book consists of 20 chapters written by anesthesiolo- 
gists familiar with plastic end reconstructive surgery and 
covers everything from anesthesia equipment and monitor- 
ing to ophthalmic reconstructive surgery. 

Who is this book written for? Some chapters present 
unnecessary, superficial information suggesting that per- 
haps the book was intended for surgeons or others inter- 
ested in a casual explanation of anesthesia for plastic ahd 
reconstructive surgery. Examples include: (a) the advice 
“Auscultation of the chest will reveal whether the endotra- 
cheal tube is in the correct position.” is. incomplete and 
outdated in the age of capnography; (b) the chapter on 
anesthesia equipment quotes the American National Stan- 
dards Institute’s requirements published in 1979 instead of 
the improved standards of the American Society of Testing 
and Materials; and (c) the technique described for.cannu- 
lation of the right internal jugular vein provides no mea- 
sures to differentiate arterial versus venous puncture. 

This book contains other, more disturbing deficiencies. 
It states “evaluation of bleeding profile (PT/PTT) is neces- 
sary when patients are taking aspirin regularly”; the appro- 
priate test would be a bleeding time. The chapter on 
anesthesia monitoring reprints the minimal monitoring 
standards practiced by Harvard Medical School in 1986, 
which were a milestone in patient safety at the time. 
However, further advances have been made. Considering 
that plastic surgery is frequently performed under heavy 
intravenous sedation in a nonhospital surgicenter or office 
setting, the latest standards approved by the American 
Society of Anesthesiologists in 1989 and 1990 should have 
been the cornerstone of the monitoring chapter. These 
newer standards are mentioned in another chapter on 
cosmetic surgery. 

Other chapters are of textbook caliber for practicing 
anesthesiologists and residents. The chapters on maxillofa- 
cial trauma and craniofacial surgery are brief, easily read, 
well-illustrated discussions of complicated areas. Far more 
complete and accurate information on anesthesia equip- 
ment, monitoring, various anesthetic techniques, and re- 
gional blocks can be found in a variety of standard anes- 
thesia textbooks. This book is a convenient collection of 
information on anesthestic concerns for plastic and recon- 
structive surgery if the reader understands that the book is 
superficial, incomplete, and somewhat outdated. 


Cornelius J. O’Connor, Jr., MD 
Lahey Clinic Medical Center 
Burlington, Massachusetts 
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Anesthesia and Musculoskeletal Disorders 
Problems in Anesthesia, Volumie 5, No. 1 


Anne C. P. Lui and Edward T. Crosby, eds. Hagerstown, 
Md.: J.B. Lippincott, 1991, 177 pp; $30.00. 


Anesthesia for musculoskeletal disorders. is described in 
this very fine monograph produced by the anesthesiolo- 
gists and two surgeons at the Universities of Ottawa and 
Toronto. What makes the volume of such merit is that it 
brings together a multitude of information from many 
diverse sources, and it is written by experts in their fields. 
Many chapters describe large clinical series of patients that 
the authors have personally anesthetized. Airway, respira- 
tory, cardiac, and neurologic management of these patients 
are described in great detail. + 

One of the major problems encountered with rheuma- 
toid arthritis, ankylosing spondylitis, scoliosis, and other 
musculoskeletal disorders relates to tracheal intubation. 
The first chapter has an excellent discussion on the cervical 
spine. However, the same authors in the next chapter on . 
trauma and the adult cervical spine shy away from clear 
guidance for airway management of the patient with mul- 
tiple-system trduma and spinal shock. 

The chapters on anesthetic concerns for scoliosis surgery 
and cardiovascular manifestations of musculoskeletal dis- 
ease are especially noteworthy, comprehensive, and au- 
thoritative. The descriptions of a wake-up test and sensory 
evoked potential monitoring in the chapter on scoliosis are 
excellent. The cardiovascular aspects of common and rare 
inusculoskeletal disorders are precisely summarized in two 
tables in this chapter and then discussed in the context of 
their involvement with the pericardium, myocardium, 
valves, conducting system, and vasculature. Useful addi- 
tional chapters summarize the -muscular dystrophies, 
myasthenia gravis, malignant hyperthermia, and muscu- 
loskeletal disorders in pregnancy. 

The weaknesses of the volume are that there is some 
repetition and contradiction. Rheumatoid arthritis, anky- 
losing spondylitis, and Duchenne’s muscular dystrophy 
are discussed in several different sections as is hypotensive 
anesthesia. Various authors recommended several different 
techniques and levels of hypotension for reducing blood 
loss, but the important and controversial topic of hypoten- 
sive anesthesia for spinal surgery is not comprehensively 
discussed. The chapter. on respiratory pathophysiology in 
musculoskeletal disorders is at odds with the general thrust 
of the rest of the volume in that it merely presents basic 
respiratory physiology. What this chapter added to our 
knowledge of specific disorders could have been summa- 
rized in a few sentences in the relevant chapters. 

The general impression, despite these limited draw- 
backs, is that this volume is a goldmine of useful informa- 
tion written by experts in their fields. Nowhere else is so 
much authoritative information available on anesthesia and 
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musculoskeletal disorders. I would heartily recommend 
purchase by faculty and practitioners whose interests lie in 
orthopedic and neurosurgical anesthesia. Residents should 
have access to this volume in every departmental library. 


Colin F. Mackenzie, MD 
University of Maryland 
School of Medicine 
Baltimore, Maryland 


- Introduction to Dental Local Anesthesia 


Hans Evers and Glenn Haegerstam, eds. Switzerland: 
Mediglobe SA, 1990, 96 pp, $39.00. . 


Neural blockade is an essential component of the daily 
practice of dentistry. Evers, a dentist, and Haegerstam, a 
physician, have written an excellent introductory text on 
the use of neural blockade in dentistry. The beautiful 
artwork of Poul Buckhoj and the clear color photographs 
have been skillfully integrated to yield a superb “how-to- 
do-it” handbook of regional anesthesia of the mouth and 
face. 

The book is divided into five sections. The first section 
provides a concise overview of the anatomy of the trigem- 
inal nerve and its branches. Also included in this section is 
a review of the physiology of the peripheral nerve and the 
pharmacology of local anesthetics as they apply to clinical 
practice. 

Section 2 presents considerations that are important to 
the anesthetist performing nerve blocks, including the 
emotional preparation of the patient, patient comfort, pa- 
tient positioning, and the use of preinjection topical anes- 
thesia. Clinical issues including local anesthetic onset time 
and spread, as well as practical suggestions on how to 
decrease the pain of injection, are discussed. 

Anesthesia of the upper jaw and anesthesia of the lower 
jaw are the subjects of sections 3 and 4, respectively. A 
review of the clinically relevant anatomy for each nerve 
block technique is clearly presented utilizing a combination 
of drawing, photograph, and text. Practical suggestions to 
improve the efficacy of each technique are given, along 
with a drawing clearly delineating the extent of anesthesia 
that should be expected if the anesthetic technique is 
properly performed. 

Section 5 presents the reader with some of the reasons 
why a nerve block may fail. Patient variation, improper 
needle placement, infection, and intravascular injection are 
discussed. Also presented is a brief review of the potential 
complications encountered when performing neural block- 
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ade of the face and mouth. In view of the fact that 2,000,000 
dental nerve blocks are performed daily, these complica- 
tions are exceedingly rare. 

Although intended for the dental student and practicing 
dentist, the information presented in this text would be of 
use to the anesthesiologist involved in the care of patients 
with headache and facial pain. The techniques presented 
also have clinical utility for the anesthesiologist involved in 
the care of the adult and pediatric patient undergoing facial 
or oral surgery. 


Steven D. Waldman, MD 
Pain Consortium of Greater Kansas City 
Leawood, Kansas 
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The Journal solicits reviews of new books from its readers. If you wish to 
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Erratum 
Book Review. Vol. 73, No. 1, July 1991, p. 100. 


The title of the book should be Chronic Pain (not 
Problems in Anesthesia), edited by B.D. Hare and P.G. 
Fine. The book is Volume 4, No. 4 (December 1990) of 
the Problems in Anesthesia Series published by JB 
Lippincott, Philadelphia, Pa. 


The reviewer of the book is Gabor (not Gabur) B. 
Racz, MD. 
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Treatment of Acute Systemic Toxicity After the Rapid 
Intravenous Injection of Ropivacaine and Bupivacaine in the 


Conscious Dog 


Hal S. Feldman, psc, G. Richard Arthur, PhD, Mikko Pitkanen, MD, PhD, 
Ronald Hurley, MD, Ann Marie Doucette, BA, and Benjamin G. Covino, MD, PhD 


Department of Anesthesia Research Laboratories, Brigham and Women’s Hospital, Harvard Medical School, 


Boston, Massachusetts 


Two groups of six beagle dogs received rapid intra- 
venous (IV) injections of ropivacaine or bupivacaine 
on two occasions in a blinded random fashion. Ini- 
tially, a dose sufficient to cause convulsions (CD) was 
given followed by twice the CD (2 x CD), which was 
administered 48 h later. The CD of bupivacaine 
(4.3 mg/kg) and ropivacaine (4.9 mg/kg) caused sig- 
nificant (P < 0.05) increases in heart rate and mean 
arterial blood pressure. There was no difference be- 
tween drug groups. Seizures were abolished by 
10 mg/kg of intravenous thiamylal. Endotracheal in- 
tubation and controlled respiration with O.-enriched 
air with no other treatment resulted in rapid and 
comiplete recovery in all dogs. All dogs receiving 2 x 
CD of bupivacaine (8.6 mg/kg) or ropivacaine 
(9.8 mg/kg) were initially treated with thiamylal and 
miechanical ventilation. Two dogs in the bupivacaine 
' group developed hypotension, respiratory arrest, 
ventricular tachycardia, and ventricular fibrillation, 
which were resistant to closed chest cardiac massage, 
treatment with epinephrine, bretylium, and atropine, 


acaine possesses a local anesthetic profile that is 

similar to that of bupivacaine (1-5). The intrave- 
nous dose necessary to produce overt seizure activity 
in the dog is also very similar to that of bupivacaine 
(6). However, ropivacaine is less arrhythmogenic and 
produces less depressant effects on various cardiac 
electrophysiologic and mechanical variables than 
does bupivacaine (6-8). 

It is possible to resuscitate most animals rendered 
cardiotoxic by the intravenous administration of large 


|: laboratory animal and human studies, ropiv- 
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and direct current cardioversion. The four remaining 
dogs in the infusion group were successfully resusci- 
tated. All of the animals in the ropivacaine-treated 
group survived the administration of the 2 x CD 
dose: Mild hypotension developed in one dog and 
was treatéd with intravenous epinephrine (0.75 mg). 
This resulted in nodal tachycardia, which was abol- 
ished after treatment with bretylium. Another dog 
had two 1-s bursts of premature ventricular contrac- 
tions réquiring no treatment. The rapid treatment of 
convulsions and cardiovascular toxicity resulted in a 
decreased number of deaths in both groups when 
compared with dogs from a previously published 
study in which no therapy was instituted. Thus, early 
aggressive treatment of central nervous system and 
cardiovascular system toxicity is capable of reducing 
the incidence of mortality associated with the rapid 
intravenous administration of excessive doses of local 
anesthetics. 

(Anesth Analg 1991;73:373-84) 


doses of bupivacaine and lidocaine (9-12). However, 
no information is available covering the ability to 
reverse the systemic toxic effects associated with the 
intravenous administration of excessive doses of the 
new local anesthetic ropivacaine. This study was 
designed to mimic the possible clinical situation of an 
accidental rapid intravenous injection of a large dose 
of local anesthetic. A regimen of treatment was 
designed to control seizure activity, provide a patent 
airway, support respiration and arterial blood pres- 
sure, and control or abolish ventricular arrhythmias. 
Convulsant (CD) and supraconvulsant (2 x CD) 
doses of bupivacaine and ropivacaine were adminis- 
tered as rapid intravenous bolus injections in two 
groups of six conscious dogs in a blinded random 
fashion. Systemic toxicity was then treated according 
to a predefined regimen. 
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Methods 


Approval for this study was obtained from the Ani- 
mal Research Committee of the testing facility. 
Twelve male colony-bred beagle dogs having a mean 
weight (+seM) of 12.6 + 0.5 kg and a mean age of 
21.0 + 2.1 mo were used. Dogs were randomly 
assigned to a drug treatment group (n = 6 per group). 

Animals were anesthetized with 20 mg/kg of intra- 
venous thiamylal. The left and right sides of the chest 
and the sternal area were shaved to facilitate direct 
current cardioversion during the experiment if neces- 
sary. Under aseptic conditions polyethylene catheters 
were introduced into the abdominal aorta and infe- 
rior vena cava via the femoral vessels. The catheters 
were exteriorized at the hock and protected by gauze 
sponges and tape. These catheters were used for 
blood pressure recordings and blood sampling. A 
shortened pulmonary artery catheter introducer was 
inserted into the right external jugular vein to facili- 
tate the placing of a bipolar electrocardiographic 
recording catheter in close proximity to the heart. 
Animals were treated with intramuscular antibiotic 
(600,000 U of Bicillin C-R Wyeth-Ayerst Laboratories, 
Philadelphia, Pa. ) and allowed to recover for 48 h. 

On the morning of the experiment, dogs were 
secured in the.standing position in a canvas sling. 
The femoral catheters were connected to the appro- 
priate precalibrated transducers for direct recording 
of blood pressure. The cephalic veins were catheter- 
ized utilizing a Quik-Cath (Travenol Laboratories, 
Deerfield, Ill.) intravenous catheter that was passed 
percutaneously. 

A plethysmograpli was secured around the dog’s 
chest and connected to a Grass PT5A volumetric 
pressure transducer. The transducer was interfaced 
with a Grass model 7 polygraph to record respiratory 
rate. 

A lead II electrocardiogram (ECG) was recorded 
using subdermal needle electrodes. An internal ECG 
was recorded by utilizing a bipolar recording elec- 
trode catheter inserted via the implanted introducer 
in the external jugular vein. The electrode was ad- 
vanced while the ECG was observed on the poly- 
graph strip chart recorder until the optimal ECG 
configuration was obtained. 

Predrug control records consisted of recordings of 
respiratory rate, heart rate, and arterial blood pres- 
sure taken at 30, 20, 10, and 0.5 min before drug 
administration. After the administration of drug, 
cardiovascular measurements and data recordings 
were made at 10-15-min intervals. 

Arterial and venous blood samples were taken at 
regular intervals before and after drug administra- 
tion. Venous blood (1 mL) was collected and assayed 
for lactate concentration by a spectrophotometric 
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technique using the Sigma Diagnostics lactic acid kit. 

Coefficients of variation for this assay were 5% at 
2.66 mmol/L to 4% at 6.66 mmol/L. Samples were 
stored at 4°C until required for assay. Three milliliters 
of arterial blood was collected in plain glass tubes that 
were previously tieated with antioxidant [50 uL of 
1 mM reduced glutathione and 1 mM ethylene glycol 
bis-(B-aminoethyl ether), N,N,N',N’-tetraacetic acid 
solution] for catecholamine determinations. Samples 
were kept on ice until centrifuged to obtain serum, 
which was stored at —80°C until required for analy- 
sis. Catecholamine analysis was performed using a 
high-performance liquid chromatography technique 
with electrochemical detection, adapted from a pre- 
viously described method (13). Coefficients of varia- 
tion for this assay were'as follows: norepinephrine, 
8% at 200 pg/mL to 6% at 6000 pg/mL; épinephrine, 
5% at 200 pg/mL to 5% at 6000 pg/mL. Two milliliters 
of arterial blood was collected in heparinized glass 
tubes for determination of local anesthetic concentra- 
tions. These samples were stored at —20°C until 
required for gas chromatographic analysis utilizing a 
modification of a previously described technique (14). 

Coefficients. of variation for this assay. were as fol- 
lows: ropivacaine, 8% at 0.1.yug/mL to 5% at 
1.0 wg/mL; bupivacaine, 8% at 0.1 ug/mL to 3% at 
1.0 wg/mL. Local’ anesthetic concentrations are re- 
ported as micrograms of drug. hydrochloride per 
milliliter of whole blood. An additional 1 mL of 
arterial blood was collected in heparinized syringes 
for immediate analysis of pH, arterial O, tension 
(Pao), and arterial CO, tension (Paco,) utilizing a 
Corning model 168 blood gas analyzer: 

After the 30-min control period, solutions of local 
anesthetic were administered manually as an intrave- 
nous bolus injection via a forelimb vein catheter over 
30-60 s. The volume of injectate was kept constant 
(CD at 10.0 mL and 2 x CD at 20.0 mL) by the 
addition of sterile saline for injection. Each injection 
was followed immediately by a 2.0- to 3.0-mL flush of 
saline solution. 

The CDs of bupivacaine (4.3 mg/kg) and ropiv- 
acaine (4.9 mg/kg) were based on the results of a 
previous study (6). The CD was administered on the 
first experimental day and two times the CD was 
given (48 h later) on the second experimental day. 

The resuscitative procedures that were followed 
after the administration of local anesthetic were dic- 
tated by the signs and symptoms of systemic toxicity. 
Treatment was directed at the following: control of 
seizure activity, support of ventilation, treatment of 
arrhythmias, and support of circulation. The order of 
treatment varied depending on what type of toxicity 
was seen. The most life-threatening toxicity was dealt 
with first. Procedures for various toxic reactions were 
as follows: 
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1. Seizures were treated with 10 mg/kg of intrave- 
nous thiamylal after 30 s of convulsive activity 
followed by intubation and ventilation with oxy- 
gen-enriched room air. 

2. Hypotension was defined as a mean arterial blood 
pressure of 50 mm Hg or less persisting for 15 
consecutive seconds. Treatment consisted of intra- 
venous epinephrine (0.75 mg), which was re- 
peated several times if necessary. If this was not 
effective to control hypotension and bradycardia, 
atropine (0.8 mg) was given. 

3. Ventricular tachycardia, bursts of ventricular 
tachycardia, or frequent premature ventricular 
contractions (premature ventricular contractions 
with a rate greater than 5/min) were treated with 
intravenous bretylium (20 mg/kg) administered 
over 1 min. 

4. Ventricular fibrillation was treated with external 
cardiac massage and direct current cardioversion 
was then attempted using external transthoracic 

_ paddles. External chest compressions were contin- 
ued between cardioversion attempts. 


Statistical analysis consisted of analysis of variance 
and Student's t-test for paired data (when comparing 
changes from predrug control across time within a 
drug/dose group) and Tukey HSD multiple-compari- 
son test and unpaired Student's t-test (for compari- 
son between drug groups). Frequency of occurrence 
data were analyzed using the Fisher's exact test. 
Values of P = 0.05 were considered significant. 

Data presented are mean + SEM, n = 6 unless 
otherwise noted. Predrug control data consists of 
four values (30, 20, 10, and 0.5 min), which were 
pooled for each of the six dogs in a drug group. Thus, 
the control mean values for a treatment group are 
based on an n of 24. 


Results 
The Convulsant Dose 


There were no significant differences between treat- 
ment groups in any of the measurements made 
during the predrug control period. 

The intravenous administration of 4.3 mg/kg of 
bupivacaine and 4.9 mg/kg of ropivacaine resulted in 
overt seizure activity in all animals. Thiamylal termi- 
nated convulsions in all animals. Immediately after 
termination of convulsions, tracheal intubation and 
controlled ventilation with oxygen-enriched room air 
was instituted. All animals in both groups survived 
without requirements for cardiovascular support. There 
was no significant difference between drug groups in 
the time to the start of seizures, the time of thiamylal 
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administration, the time of cessation of seizures, and 
the time of intubation or extubation. 

Within 30 s of administration of the convulsive 
dose and in conjunction with overt seizure activity, a 
54% increase in heart rate occurred in both groups 
(P < 0.01) (Tables 1 and 2). After the abolition of 
seizures, heart rates in both groups decreased to 
predrug values and remained there for the duration 
of the experiment. . 

The CD of either drug caused no significant 
changes in the PR or QT interval on the ECG. The 
QRS interval was increased approximately 30% in 
both treatment groups during the 1-3 min after local 
anesthetic administration (Tables 1 and 2). 

There were rare occasions of atrial premature con- 
tractions seen in some animals in both treatment 
groups during the predrug control period. No other 
supraventricular arrhythmias were noted. No ven- 
tricular arrhythmias were seen in either the bupiv- 
acaine or ropivacaine treatment groups after admin- 
istration of the CD. 

Significant increases in systolic, diastolic, and 
mean arterial pressure occurred in both groups for 
the 1-min period after drug injection and in conjunc- 
tion with seizure activity (Tables 1 and 2). Mean 
arterial blood pressure in the ropivacaine group 
(180 + 12 mm Hg) was significantly higher than that 
in the bupivacaine group (148 + 6 mm Hg) 30 s after 
injection. After the termination of seizures, the mean 
systolic and diastolic arterial pressure returned to 
predrug control values and remained there for the 
duration of the experiment. 

Both treatment groups showed no significant de- 
crease in mean pH values concurrent with seizure 
activity. Arterial Po, and Pco, remained unchanged 
in both groups during the period before institution of 
mechanical respiration (Tables 1 and 2). 

Mean peak whole blood bupivacaine and ropiv- 
acaine concentrations averaged 3.18 + 0.21 pg/mL 
and 4.12 + 0.88 ug/mL, respectively, 30 s after drug 
injection. No differences in local anesthetic concen- 
trations in the blood were seen between groups at 
any sampling interval (Figure 1). 

Control lactate concenirations averaged 1.31 
0.11 mmol/L in the bupivacaine group and 1.03 
0.10 mmol/L in the ropivacaine group. These values 
are similar to those previously reported in awake 
dogs (15). During the convulsive period, lactate 
concentrations significantly increased to 3.40 + 
0.65 mmol/L in the bupivacaine group and 3.08 + 
0.42 mmol/L in the ropivacaine group. Lactate con- 
centrations returned toward control values relatively 
slowly after control of seizures. There was no signif- 
icant difference in lactate concentration between the 
two groups of dogs at any sampling interval (Figure 
2). 
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Table 1. Cardiovascular Effects of Intravenous Bupivacaine in the Dog 


Bupivacaine CD Predrug ` End of 
(4.3 mg/kg) control injection 
Heart rate (beats/min) 107 + 5 132 t£ 7 
23% 
PR interval (ms) 96 +3 96+ 4 
0% 
(n = 3) 
QRS interval (ms) 5221 64+ 8 
23% 
(n = 3) 
QT interval (ms) 215 + 7 213 +7 
—0.9% 
(n =3) 
Systolic blood 167 + 3 202 + 7° 
pressure (mm Hg) 21% 
Diastolic blood 99 + 2 129 + 12° 
pressure (mm Hg) 30% 
Mean arterial 1222 153 + 10° 
pressure (mm Hg) 25% 
Respiraticns/min 71 + 12 58 + 28 
(n = 23) —18% 
(n = 3) 
Pao, (mm Hg) 87 + 2 = 
(n = 12) 
Paco, (mm Hg) 37 +1 —_ 
(n = 12) 
pH (U) 7.42 + 0.01 — 
(n = 12) 


CD, convulsant dose; Pao., arterial O, tension; Paco, arterial CO, tension. 


n = 24 for predrug control unless otherwise noted in parentheses. 
n = 6 for all others unless otherwise noted in parentheses. 
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+30 s +1 min +3 min 
165 + 9 150 + 7° 120 + 8 
54% 40% 12% 
105 +5 112 +8 112 + 5° 
9% 17% 17% 
(n = 4) (n = 5) (n = 5) 
68 + 5 70 + 5 66 +6 
31% 35% 27% 

(n = 4) (n = 5) (n = 5) 
225 + 13 248 + 5 274 + 14° 
5% 15% 27% 

(n = 4) (n = 5) (n = 5) 
200 + 97 185 + 10° 188 + 10 
20% 11% 13% 

121 + 6° 139 + 11° 136 + 8* 
22% 40% 37% 
148 + 67 154 + 107 155 + 10° 
21% 26% 27% 
47 +3 271i+3 20 +3 
~ 34% —70.0% —72% 
(n = 3) 
94+3 75 + 10 418 + 51° 
8% —14% 380% 
3443 41 + 4 37 +6 
~8% 11% 0% 
7.42 + 0.02 7.36 + 0.02" 7.38 + 0.04 
0% —0.8% —0.5% 


Barbiturate administered after the +30-s data were collected, i.e., +1 and +3 min, are after intravenous barbiturate. 


“Significantly different from predrug control, P < 0.01. 
’Significantly different from predrug control, P < 0.05. 


The epinephrine and norepinephrine control val- 
ues in both treatment groups were similar and com- 
parable to previously reported values for the dog (16). 
Epinephrine concentrations increased significantly in 
the bupivacaine group from 298 + 91 pg/mL to 2577 + 
363 pg/mL, and in the ropivacaine group from 195 + 
18 pg/mL to 1970 + 262 pg/mL during the convulsive 
period. Norepinephrine concentrations also in- 
creased significantly from 444 + 63 pg/mL to 1767 + 
178 pg/mL in the bupivacaine group and from 315 + 
40 pg/mL to 1433 + 255 pg/mL in the ropivacaine 
group. There was no significant difference between 
drug treatment groups (Figures 3 and 4). 

Both epinephrine and norepinephrine concentra- 
tions decreased rapidly after the control of seizures 

-and by 3 min after injection of local anesthetic, mean 
concentrations were similar to the control values. 


The Supraconvulsant Dose 


No significant difference in any predrug control val- 
ues existed between the two groups in this portion of 
the study. 

Convulsions following administration of the supra- 
convulsant dose (2 x CD) of ropivacaine (9.8 mg/kg) 
were rapidly terminated by intravenous thiamylal 
(10 mg/kg), after which dogs were intubated and 
mechanically ventilated with oxygen-enriched air. No 
other resuscitative therapy was required in 83% of the 
dogs in this group. In one animal, mean arterial blood 
pressure decreased rapidly from 200 to 88 mm Hg. 
Because of the rapidly decreasing arterial blood pres- 
sure, intravenous epinephrine (0.75 mg) was admin- 
istered, which resulted in an increase in mean arterial 
blood pressure to 280 mm Hg and nodal or ventricu- 
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Ropivacaine CD Predrug End of 
(4.9 mg/kg) control injection +30 s +1 min +3 min 
Heart rate (beats/min) 112 £5 113 + 14 173 + 15° 163 + 10° 119 + 10 
0.9% 54% 46% 6% 
PR interval (ms) 95 +2 113 + 7 100 + 0 104 + 8 108 + 5 
19% 5% 10% 14% 
(n = 3) (n = 3) (n = 5) (n = 5) 
QRS interval (ms) 50 +1 56 + 4 67 + 10 66 + 6 56 + 3° 
12% 34% 32% 12% 
(n = 3) (n = 3) (n = 5) (n = 5) 
QT interval (ms) 211 +5 233 + 7% 227 + 13 224 + 12 282 + 10° 
10% 8% 6% 34% 
(n = 3) (n = 3) (n = 5) (n = 5) 
Systolic arterial 181 + 2 231 + 6° 233 + 11° 221 + 9 203 + 7? 
pressure (mm Hg) 28% 29% 22% 12% 
Diastolic arterial 106 = 2 154 + 7? 153 + 13° 151 + 8? 143 + 6° 
pressure (mm Hg) 45% 44% 42% 35% 
Mean arterial 131 + 2 179 + 6 180 + 12° 175 + 8° 163 + 6° 
pressure (mm Hg) 37% 37% 34% 24% 
Respirations/min 86 + 13 104 + 40 48 + 15 38 +5 25 + 3? 
21% —44% —56% -71% 
(n = 4) (n = 4) (n =5) 
Pao, (mm Hg) 91 + 1.4 — 74+8 177 + 68 338 + 79° 
(n = 12) —19% 95% 271% 
(n = 5) 
Paco, (mm Hg) 37 + 0.6 — 41 +3 39 +2 35 + 3 
(n = 12) 11% +5% —5% 
pH (U) 7.41 + 0.01 — 7.36 + 0.03 7.35 + 0.3? 7.38 + 0.02 
(n = 12) —0.7% —0.8% —0.4% 
(n = 5) 


CD, convulsant dose; Pao, arterial O, tension; Paco, arterial CO, tension. 


n = 24 for predrug control unless otherwise noted in parentheses. 
n = 6 for all others unless otterwise noted in parentheses. 


Barbiturate administered after the +30-s data were collected, i.e., +1 and +3 min, are after intravenous barbiturate. 


"Significantly different from predrug control, P < 0.01. 
Significantly different from predrug control, P < 0.05. 


lar tachycardia at a rate of 180 beats/min. Bretylium 
(20 mg/kg) was administered intravenously and the 
arrhythmia subsequently converted to a bigeminal 
rhythm and then to a normal sinus rhythm within 
20 min. The trachea of this animal was subsequently 
extubated, and recovery proceeded with no apparent 
adverse effects. A second dog treated with ropiv- 
acaine showed two brief episodes of ectopy consist- 
ing of seven premature ventricular contractions 
within a 1-min period. Before therapy could be initi- 
ated, normal sinus rhythm spontaneously returned. 

Convulsions in all dogs receiving 2 x CD of 
bupivacaine (8.6 mg/kg) were also successfully termi- 
nated with thiamylal, and respiratory support was 
instituted. Sixty-seven percent of the dogs (4 of 6) 
required no additional treatment and recovered un- 
eventfully. Two dogs in this group, however, died 
despite resuscitative measures. Hypotension devel- 


oped in both animals within 1 min of the injection. 
Ventricular arrhythmias were also observed and ulti- 
mately ventricular fibrillation. Cardiovascular resus- 
citative measures consisted of multiple doses of epi- 
nephrine (0.75 mg IV), manual chest compressions, 
bretylium (20 mg/kg IV), atropine (0.8 mg), and in 
one case several attempts at direct current cardiover- 
sion. Resuscitative measures continued for 7.5 min in 
one dog and for 30 min in the other. Resuscitative 
measures were terminated when ventricular fibrilla- 
tion persisted for 5 min or longer and no arterial 
blood pressure existed for five consecutive minutes. 

Heart rate increased to 161 + 12 beats/min (30%) in 
the bupivacaine group during seizures and 167 + 8 
beats/min (48%) in the ropivacaine group (Tables 3 
and 4). Only the increase seen in the ropivacaine 
group was significant, but there was no difference 
between groups at any time interval. After seizures 
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were controlled, heart rates returned to predrug 
control levels and remained there for the balance of 
the experiment. 

Administration of local anesthetic produced no 
significant changes in PR intervals in the surviving 
animals and there was no difference between groups 
(Tables 3 and 4). Significant increases of a similar 
magnitude in the QRS. interval occurred in both 
treatment groups. Significant increases in the QT 
interval also were seen in both groups after drug 
injection. There were no significant differences be- 
tween groups at any time interval. 

The four survivors in the bupivacaine group 
showed an average decrease of 14% in mean arterial 
blood pressure at 1 min after ending the injection, 
which was not significant (Tables 3 and 4). Con- 
versely, an increase of 32% was seen in the ropiv- 


—f}~ Bupivacaine - 8.6 mg/kg 
—®— Ropivacaine - 9.8 mg/kg 


50 60 

Figure 1. Local anesthetic concentrations 
in whole blood (sem omitted for clarity). At 
2 x CD: bupivacaine, n = 4; ropivacaine, 
n= 5, 





acaine group at this time. The change in the bupiv- 
acaine group was significantly different from that of 
the ropivacaine group. Mean arterial blood pressure 
values for the balance of the study were not signifi- 
cantly different between groups nor were they dif- 
ferent from control values. 

The pH, in the bupivacaine group remained un- 
changed during seizure activity (Table 3). In the 
ropivacaine group, pH, decreased from a control 
value of 7.40 + 0.01 U to 7.37 + 0.04 U, which 
occurred during seizure activity. The pH, in this 
group reached a low value of 7.32 + 0.04 U after the 
control of seizures. However, this change in pH, was 
not significant (Table 4). There were no significant 
differences between groups at any time interval. 
Arterial Po, and Pco, did not change during seizure 
activity. 
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Figure 2. Lactate concentrations in venous 
blood (SEM omitted for clarity). Arrow indi- 
cates time of drug injection. Coricentrations 
in both drug groups at both doses are 5 
significantly higher than control values un- 

til +15 min. At 2 x CD: bupivacaine, n = 4; 

ropivacaine, n = 5. 


mmol/L 


Control 


The mean n peak anesthetic concentrations in whole 
blood in surviving animals were 5.04 + 0.13 pg/mL 
for bupivacaine and 5.75 + 0.23 ug/mL for ropiv- 
acaine (Figure 1). In the two. animals that died, the 
peak bupivacaine concentrations were 11.6 and 
10.0 ug/mL. The peak ropivacaine blood concentra- 
tion was 8.57 ug/mL in the one animal in the ropiv- 
acaine group that was treated with epinephrine and 
bretylium. Ropivacairie blood concentrations de- 
creased rapidly in this animal after effective control of 
blood pressure. In the two bupivacaine-treated ani- 
mals that died, blood bupivacaine concentrations had 
orily decreased from 11.6 to 11.0 ug/mL and from 10.0 
to 6.5 g/mL at the time that resuscitative efforts were 
terminated. 

: Mean lactate concentrations increased significantly 
from 1.17 + 0.10 to 3.64 + 0.35 mmol/L in the sur- 
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viving bupivacaine-treated animals and from 0.87 + 
0.11 to 4.27 + 0.56 mmol/L in the ropivacaine-treated 
animals not requiring cardiovascular therapy. Lactate 
concentrations decreased slowly, returning, toward 
predrug control values at 30 and 60 min after drug 
injection (Figure.2). In the two bupivacaine-treated 
dogs that died, lactate concentrations continued to 
increase until resuscitative efforts were discontinued. 
However, with the exception of the final sample 
taken in one of these animals, lactate concentrations 
were within the range seen in surviving animals: 

In the animals in both groups that were not treated 
with epinephrine, the concentrations of epinephrine 
and norepinephrine before and after drug adminis- 
tration were similar to those seen in the first portion 
of this study (Figures 3 and 4). 

Maximum epinephrine concentrations of approxi- 
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mately 3 ug/mL occurred in nonsurviving bupiv- 
acaine-treated animals given epinephrine during re- 
suscitative efforts. In the ropivacaine-treated animal 
that received intravenous epinephrine, a peak con- 
centration of 1.2 «g/mL of epinephrine was mea- 
sured. 


Discussion 


Previous investigations involving the treatment ‘of 
bupivacaine-induced cardiotoxicity have been carried 
out in cats (12), dogs (9,10), and sheep (11). Some of 
these studies were conducted in animals that were 
either anesthetized, had a thoracotomy, were ren- 
dered hypoxic, had ventricular arrhythmias pro- 
duced by electric pacing, or had some combination of 


these conditions. In some of the reports, the animals 
received an intravenous infusion of bupivacaine as 
opposed to a bolus injection (10,12). Successful resus- 
citation was reported in all but one of these studies by 
a combination of direct cardiac massage, pharmaco- 
logic intervention (e.g., epinephrine, bretylium, atro- 
pine), mechanical ventilation; and direct current car- 
dioversion using internal paddles directly on thé 
heart. The current study was designed to more 
closely mimic a possible clinical situation. The results 
are similar to those reported by Chadwick (12) where 
20% of the cats rendered cardiotoxic with bupivacaine 
could not be resuscitated. In the current study, 33% 
of the dogs were not successfully resuscitated. How- 
ever, other resuscitative methods may have proven 
more efficacious. 
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In a previous study with a similar experimental 
protocol and where no early resuscitative efforts were 
attempted, a significantly greater number of dogs 
(five of six, 83%) receiving two times the CD of 
bupivacaine died as compared with those receiving 
ropivacaine (one of six, 17%) (6). Additionally, the 
incidence of arrhythmias in the bupivacaine group 
(five of six, 83%) was also significantly higher than in 
the ropivacaine group (two of six, 33%). In the 
current study, the early institution of resuscitative 
efforts reduced the mortality rate from 83% to 33% in 
the bupivacaine group and from 17% to 0% in the 
ropivacaine group. The incidence of ventricular ar- 
rhythmias in the bupivacaine group was also reduced 
from 83% to 33%. The frequency of arrhythmias in 
the ropivacaine group remained unchanged at 33%. 
The early institution of therapy, in the form of control 
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of seizures and support of respiration, resulted in a 
reduction of mortality in both treatment groups and a 
reduction in arrhythmias in the bupivacaine group 
when compared with the previously reported study. 

The rapid production of acidosis and hypoxia after 
local anesthetic-induced toxicity has been docu- 
mented in humans and dogs (6,17,18). Acidosis was 
observed in the current’ study after the onset of 
seizure activity. However, arterial Pco, and Po, were 
not altered. Lactic acid concentrations rose signifi- 
cantly during seizures, indicating that the acidosis 
was metabolic in origin. After the control of seizures, 
lactic acid concentrations remained significantly ele- 
vated for approximately 30 min. This may be due to 
the large lactic acid production during seizures being 
ineffectually removed from the circulation as a result 
of reduced hepatic blood flow. Also, bupivacaine 





382 REGIONAL ANESTHESIA AND PAIN MANAGEMENT FELDMAN ET AL. ANESTH ANALG 
TREATMENT OF ACUTE LOCAL ANESTHETIC TOXICITY 1991;73:373-84 
Table 3. Cardiovascular Effects of Intravenous Bupivacaine in the Dog 
Bupivacaine SC Predrug End of 
(8.6 mg/kg) control injection +30 s +1 min +3 min 
Heart rate (beats/min) _ 124 +4 144 + 3 161 + 12 154 + 7 139 + 10 
16% 30% 24% 12%: 
(n = 4) (n = 4) (n= 4) (n = 4) 
PR interval (ms) 95 + 3 ED 115 + 10° 115 5? 117 + 3° 
32% 21% 21% 23% 
(n = 4) (n = 4) (n = 4) (n = 3) 
QRS interval (ms) 49 +3 7i +4 75 + 5? 83 + 6 72 + 48 
: 45% 53% 69% 47% 
(n = 4) (n = 4) (n = 4) (n = 3) 
QT interval (ms) 201 + 3 220 + 0° 230 + 6° 245 + 5° 297 + 12 
9% 14% 22% 48% 
(n = 4) (n = 4) (n = 4) ‘(n= 3) 
Systolic arterial 180 + 6 170 + 17 164 + 9 155 + 11 178 + 17 
pressure (mm Hg) —-6% ~9% —14% -1% 
a. (n = 4) (n = 4) (n = 4) (n = 4) 
Diastolic arterial 107 + 6 90 + 16° 99 + 6 108 + 13 142 + 17 
pressure (mm Hg) -16% —7% 0.9% 33% 
| | (n = 4) (n = 4) (n = 4) (n = 4) 
Mean arterial 132 + 6 116 + 16 120 + 7 114 + 13 154 + 17 
pressure (mm Hg) 1270 —9.0% —14% 17% - 
l (n = 4) (n = 4) (n = 4) (n = 4) 
Respirations/min 63 + 10 20 + 4° 62 + 18 22+ 6 17 + 3 
~68% -2% -65% -73% 
(n = 2) (n = 4) (n = 4) (n = 4) 
Pao, (mm Hg) 86 + 2 2 92 +7 132 + 32 499 + 23° 
(n = 12) 7.0% 53% 480% - 
l (n = 4) (n = 4) (n = 4) 
Paco, (mm Hg) 35 +2 z 3144 34+ 4 33 +3 
(n = 12) —11% -3% —6.0% 
(n = 4) (n = 4) (n = 4) 
pH (U) 7.43 + 0.01 ie 7.44 + 0.04 7.39 + 0.03° 7.38 + 0.02 
(n = 12) 0.1% —0.5% -0.7% 
(n = 4) (n =.4) 


SC, supraconvulsant dose; Pao,, arterial O, tension; Pco., arterial CO, tension. 


n = 24 for predrug control unless otherwise noted in parentheses. 
n = 6 for all others unless otherwise noted in parentheses. 


Barbiturate administered after the +30-s data were collected, i.e., +1 and +3 min, are after intravenous barbiturate. 


“Significantly different from predrug control, P < 0.01. 
’Significantly different from predrug control, P < 0.05. 


infusions in humans producing clinically achieved 
blood concentrations (1.8 g/mL) have been reported 
to significantly increase lactate levels (19), and this 
too could account for the prolonged elevation of 
lactate levels in the current study. 

The use of epinephrine in‘ the treatment of cardio- 
vascular collapse after bupivacaine overdosage is also 
controversial. Very. high doses of epinephrine 
(30-1020 ugikg IV) areʻan effective treatment of car- 
diac arrest from bupivacaine overdosage i in rats (20). 
Epinephrine was also part of the successful resusci- 
tative regimen in the cat. and dog studies (9,12). 
However, epinephrine was not of value in attempts 
to resuscitate sheep (11). Multiple doses of epineph- 


d 


rine were not effective in the treatment of bupiv- 
acaine-induced çardiotoxicity in the two dogs that 
died in the current studies. Moreover, the one animal 
in the ropivacaine group receiving epinephrine de- 
veloped ventricular tachycardia and hypertension. 
Thus, other vasopressor drugs with less direct cardiac 
effects, such as phenylephrine, may be more benefi- 
cial than epinephrine in the peatment of local anes- 
thetic-induced hypotension. . 

In summary, ‘our results are consistent with a 
previous study in dogs (6) that indicated that ropiv- 
acaine is less’ cardiotoxic and’ less arrhythmogenic 
than bupivacaine. The experimental protocol used in 
that study was similar to the one gia ie currently 
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Ropivacaine SC Predrug End of 
(9.8 mg/kg) control injection +30 s +1 min +3 min 
Heart rate (beats/min) 113 +5 160 + 11° 167 + 8° 153 + 5 130 + 21 
42% 48% 35% 15% 
PR interval (ms) Bo + 2 126 + 14 107 + 7” 106 + 6° 10 + 5° 
42% 20% 19% 24% 
(n = 2) (n = 3) (n = 5) (n = 5) 
PR segment (ms) 44+2 64 + 16 51 +5 52 +7 5247 
45% 16% 18% 18% 
(n = 2) (n =3) (n = 5) (n = 5) 
QRS interval (ms) 44+2 80" 80 + 0° 76 + 5° 63 + 6 
82% 82% 73% 43% 
(n = 2) (n = 3) (n = 5) (n = 5) 
QT interval (ms) 201 + 5 200 207 + 7" 236 + 8 258 + 10° 
—0.5% 3% 17% 28% 
(n = 2) (n = 3) (n = 5) (n = 5) 
Systolic arterial 185 + 4 191 + 18 212 + 12 225 + 42 190 + 14 
pressure (mm Hg) 3% 15% 22% 3% 
Diastolic arterial 103 + 3 103 + 12 138 + 14 142 + 24 130 + 10 
pressure (mm Hg) 0% 34% 38% 26% 
Mean arterial 129 + 3 132 + 13 163 + 11 170 + 29 150 + 11 
pressure (mm Hg) 2% 26% 32% 16% 
Respirations/min 5347 65 + 2 48 + 19 20 + 11 23 + 2 
(n = 23) 23% —9% —62% —57% 
{n = 2) (n = 4) {n = 5) 
Pao, (mm Hg) 90 +2 = 86 + 11 284 + 74 412 + 35° 
(n = 12) —4% 216% 358% 
{n = 5) {n = 5) 
Paco, (mm Hg) 35 +1 _ 33 + 6 3545 35 + 6 
(n = 12) —6% 0% 0% 
(n = 5) in = 5) 
pH (U) 7.41 + 0.01 am- 7.37 + 0.04 7.34 + 0.04 7.32 + 0.04 
(n = 12) —0.5% —0.5% —1% 
(n = 5) (n = 5) 


SC, supraconvulsant dose; Paos, arterial O, tension; Paco, arterial CO, tension. 


n = 24 for predrug control unless otherwise noted in parentheses. 
n = 6 for all others unless otherwise noted in parentheses. 


Barbiturate administered after the +30-s data were collected, i.e., +1 and +3 min, are after intravenous barbiturate. 


"Significantly different from predrug control, P < 0.05. 
Significantly different from predrug control, P < 0.01. 


except no early resuscitative action was taken. Bupiv- 
acaine was reported to be significantly more lethal 
than ropivacaine. In the current study, the early 
control of seizures and support of respiration resulted 
in a reduction of mortality as compared with the 
previous study. No significant difference in mortality 
existed between bupivacaine and ropivacaine in the 
current study. The mechanism by which the control 
of seizures and support of respiration aided in the 
survival of bupivacaine- or ropivacaine-intoxicated 
dogs is unclear. It is possible that the reduction in 
circulating catecholamines secondary to seizure con- 
trol may play an important role. The cardiovascular 
depression produced by ropivacaine was of a less 
severe nature than that produced by bupivacaine and 


therefore may be more easily managed. Only one 
protocol of resuscitative treatment was studied. It is 
possible that other methods of resuscitation may 
prove more efficacious. 

Our study demonstrated that there was no signif- 
icant difference in mortality between the two drug 
groups. The rapid aggressive treatment of seizures 
and support of respiration appears to be of impor- 
tance in the management of local anesthetic toxicity. 
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To evaluate whether low-pressure baroreceptors lo- 
cated in the right atrium could affect the heart rate 
(HR) during spinal anesthesie, the authors deter- 
mined the effects of right atrial pressure changes 
associated with body tilt on HR in 40 unpremedicated 
patients. Ten-degree head-up body tilt produced sig- 
nificant increases in HR of 6 + 1 and 6 + 1 beats/min 
(mean + sz, P < 0.01) and significant decreases in 
systolic arterial pressure of 2.8 + 0.9 and 6.6 + 
1.7 mm Hg (P < 0.01) during low (T-10 + 0.2, n = 20) 
and high (T-4 + 0.2, n = 20) analgesic levels of 
tetracaine spinal anesthesia, respectively. Ten-degree 
head-down body tilt caused significant decreases in 
HR without significant changes in systolic arterial 


diovascular effects during spinal anesthesia, 

which could potentially result in a sudden car- 
diac arrest (1-7). The cause of this bradycardia has 
been attributed to either preganglionic block of car- 
diac accelerator fibers or decrease in venous return to 
the heart, or both (1). Reduced venous return could 
predispose the heart rate (HR) to decrease during 
spinal anesthesia (1), although this reflex HR re- 
sponse is presumably mediated by an intrinsic chro- 
notropic stretch receptor located primarily in the right 
atrium. Baron et al. (8) found that cardiac vagal tone 
is enhanced mainly through a reduced venous return 
during lumbar epidural anesthesia in humans. How- 
ever, HR variability response can be mediated 
through atrial and/or arterial baroreceptors. 

The knowledge of cardiovascular responses to 
body tilt during spinal anesthesia, which is invariably 
accompanied by changes in venous return to the 
heart, is of clinical relevance because there may be no 
alternatives to head-up or head-down body tilt for 


l inus bradycardia is one of the well-known car- 
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pressure during spinal anesthesia. The reflex HR 
responses to body tilt were similar between low and 
high levels of spinal anesthesia and were preserved 
after administration of sedatives. The magnitudes of 
changes in right atrial pressure associated with body 
tilt were similar during spinal anesthesia and after 
sedation. These findings suggest that HR responses 
to head-up body tilt are mediated mainly by arterial 
baroreceptors even in the face of decreased venous 
return during low or high levels of spinal anesthesia 
and that light sedation does not impair this reflex HR 
response. 

(Anesth Analg 1991;73:385-90) 


obtaining an appropriate analgesic level. However, 
there have been no clinical studies examining the 
potential effect of changes in the right atrial pressure 
(RAP) on the HR during spinal anesthesia. Thus, we 
sought to investigate the role of body tilt-induced 
alterations of venous return in the control of HR 
during low or high analgesic levels of spinal anesthe- 
Sia. 


Methods 


The protocol was approved by our Institutional Hu- 
man Studies Committee. Forty unpremedicated pa- 
tients, ASA physical status I, scheduled to have 
spinal anesthesia for their surgical procedures were 
studied after written informed consent was obtained 
from each patient. They had no cardiovascular or 
neurologic disorders and were taking no drugs that 
have any influences upon the cardiovascular system. 

Heart rate was monitored by lead II of the electro- 
cardiogram and recorded on a beat-to-beat basis by a 
cardiotachometer (AT-601G, Nihon-Kohden, Tokyo). 
A 20-gauge cannula was inserted into the radial 
artery under local anesthesia with lidocaine to permit 
continuous monitoring and recording of systolic 
(SAP) and diastolic (DAP) arterial pressures. Right 
atrial pressure was monitored from a catheter in- 
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serted into the right atrium via a basilic vein under 
local anesthesia. Position of the right atrial catheter 
was confirmed by the characteristic waveforms. The 
radial arterial and right atrial catheters were connected 
to calibrated transducers (Statham P50; Gould, Cleve- 
land, Ohio). The transducer was taped to the chest wall 
so that the zero reference was leveled at the right 
atrium. All pressures were obtained at end expiration. 
Cardiac output (CO) was continuously measured by 
bioimpedance cardiography (NCCOM-3; Bomed Med- 
ical Manufacturing, Irvine, Calif.). Real-time values of 
CO obtained by impedance cardiography were aver- 
aged over 10 beats by a computer (PC-286LE; Epson, 
Tokyo). With regard to the reliability of the bioimped- 
ance cardiography, a good correlation with conven- 
tional thermodilution techniques has been reported (9). 
Derived hemodynamic variables included mean arterial 
pressure (MAP = [SAP + 2 DAP}/3) and systemic 
vascular resistance (SVR = [MAP — RAP] x 80/COQ). 

After a resting period of 30 min, baseline hemody- 
namic measurement was made while the patient was 
placed in the supine horizontal position. Then the 
patient was changed from the horizontal position to 
either 10° head-up or head-down body tilt. The 
hemodynamic data during body tilt were obtained 
when the RAP and HR had stabilized for at least 30 s 
in each body position. 

After putting the patient in the lateral position and 
sterilizing the lumbar region of the skin, spinal anes- 
thesia was induced with a 25-gauge needle at the L3-4 
intervertebral space using 2.0 or 3.0 mL of 0.5% 
tetracaine solution in 10% dextrose with 0.025% phe- 
nylephrine. The patient was immediately placed in 
the supine horizontal position. At more than 20 min 
after the subarachnoid injection of tetracaine solu- 
tion, the upper analgesic level to pin-prick was con- 
firmed to have reached and fixed around the der- 
matome up to T-10 and T-4 in the low level (n = 20) 
and high level (n = 20) of spinal anesthesia, respec- 
tively. The same hemodynamic measurements were 
repeated with the supine horizontal position and 10° 
head-up or head-down body tilt. 

Thereafter, half of the patients (n = 10) in each 
group received 15 mg of pentazocine and 10 mg of 
diazepam intravenously. After sedation and a stable 
hemodynamic period of more than 10 min were 
obtained with the supine horizontal position, the last 
set of measurements was made to observe the hemo- 
dynamic responses to 10° head-up or head-down 
body tilt during spinal anesthesia supplemented with 
sedatives. 

The order of performing head-up or head-down 
body tilt was randomized in each patient before and 
during spinal anesthesia and after sedation. The 
duration of head-up or head-down body tilt was 
about 90 s throughout the experiment. Lactated 
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Table 1. Characteristics of Patients 

Low spinal High spinal 

anesthesia anesthesia 

(n = 20) (n = 20) 

Analgesic level T-10 + 0.2 T-4 + 0.2° 
Age (yr) 39 +2 38 + 2 
Height (cm) 166 + 2 160 +1 
Weight (kg) 67 +2 63 + 1 
Sex (M/F) 12/8 10/10 


Values are mean + SE. 
“P < 0.01 compared with low spinal anesthesia. 


Ringer’s solution was administered through a periph- 
eral intravenous catheter at a rate of 10 mL-kg7}-h7? 
during the study. No vasopressors were adminis- 
tered intravenously in any patients of the two 
groups. 

All values were expressed as mean + SE. Statistical 
analyses of the results were performed by analysis of 
variance with repeated measurements followed by 
Student's t-test. P values less than 0.05 were consid- 
ered to be statistically significant. 


Results 


Table 1 shows the mean values of upper analgesic 
level to pin-prick (dermatome) in the two groups of 
low and high spinal anesthesia. The patients in both 
groups were similar with respect to age, height, 
weight, and sex distribution (Table 1). Baseline he- 
modynamic data obtained with the supine horizontal! 
position (before body tilt) are shown in Table 2. A 
significant HR increase was observed in low spinal 
anesthesia but not in high spinal anesthesia as com- 
pared with the prespinal value. Both low and high 
spinal anesthesia resulted in significant decreases in 
RAP, SAP, DAP, and MAP (P < 0.01). Cardiac output 
showed no significant changes, whereas SVR de- 
creased significantly (P < 0.05) after spinal anesthesia 
in both groups. After sedation, CO decreased and 
SVR increased significantly when compared with 
prespinal and postspinal values in the two groups 
(P < 0.01). The significant increase in RAP (P < 0.05) 
was noted after sedation only in high spinal anesthe- 
sia. However, there were no significant differences 
between both low and high spinal anesthesia groups 
in the three stages of observations. 

Figure 1 shows representative hemodynamic re- 


sponses to positional change from supine horizontal 


to 10° head-up body tilt in a patient with T-10 upper 
analgesic level of spinal anesthesia. Ten-degree 
head-up body tilt produced an increase in HR along 
with decreased RAP. 

Before spinal anesthesia, head-up body tilt caused 


Er- 
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Table 2. Baseline Hemodynamic Data During Supine Horizontal Position 


HR (beats/min) Low spinal 
High spinal 

RAP (mm Hg) Low spinal 
High spinal 

SAP (mm Hg) Low spinal 
High spinal 

DAP (mm Hg) Low spinal 
High spinal 

MAP (mm Hg) Low spinal 
High spinal 

CO (L/min) Low spinal 
High spinal 

SVR (dyne-s-cm™~>) Low spinal 
High spinal 
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Postspinal 


Prespinal After 
anesthesia anesthesia sedation 
(n = 20) (n = 20) (n = 10) 
67 +2 70 + 22 68 +2 
72+2 72 +3 65+1 
3.4 + 0.2 2.2 + 0.2 2.5 + 0.3 
3.3 + 0.1 2.0 £0.1 3.1 + 0.2 
125 +3 116 + 3° 115 + 3 
122 +3 108 + 3° 115 +3 
71+2 64 + 2? 65+2 
72+2 64 + 2} 65 +2 
89 +2 81 + 2° 82 + 22 
89 +2 79 + 2° 82 +2 
4.5 + 0.1 45+0.1 4.0 + 0,124 
4.7+ 0.2 4.5 + 0.2 3,8 + 0.1%4 
1538 + 61 1433 + 45" 1609 + 514 
1500 + 74 1415 + 63° 1674 + 71°4 


HR, heart rate; RAP, right atrial pressure; SAP, systolic arterial pressure; DAP, diastolic arterial pressure; MAP, mean arterial pressure; CO, cardiac output; 


SVR, systemic vascular resistance. 
Values are mean + SE. 
“P < 0.05 compared with prespinal value. 
*P < 0.01 compared with prespinal value. 
°P < 0.05 compared with postspinal value. 
dp < 0.01 compared with postspinal value. 


There were no significant differences in the hemodynamic data between low and high spinal anesthesia. 


90 imin 





supine 10'head-up body tilt supine horizontal 


horizontal 


Figure 1. Representative polygraph tracings of HR, RAP, and 
arterial pressure (AP) durińg supine horizontal position and 
head-up body tilt in a’ patient with T-10 upper analgesic level of 
spinal anesthesia. 


no significant changes in HR. However, a sustained 
significant HR increase was observed after head-up 
body tilt during low and high spinal anesthesia with 
or without sedation (P < 0.01, Figure 2). In contrast, 
head-down body tilt consistently resulted in signifi- 
cant decreases in HR before and: during spinal anes- 
thesia and after sedation (Figure 2). Right atrial 
pressure showed a significant decrease and increase 
during head-up and head-down body tilt, respec- 
tively (P.< 0.01, Figure 3): The magnitudes of RAP 

changes associated with body tilt were similar before 
and during spinal anesthesia and after. sedation. 


+10 C] Low Spinal Anesthesia 


GB High Spinal Anesthesia 







+5 


Head-Down 


post. sed. 







Changes in Heart Rate (bpm) 


pre. post. sed. 


Head-Up l 


—§ 
Figure 2. Changes in HR during head-up or pena daii body tilt 
before (pre.) and during (post.) spinal anesthesia; and after seda- 
tion (sed.) in low or high spinal anesthesia. -Valués are mean + SE. 
Baseline values before body tilt are given in Table 2. *P < 0.05, 
+P < 0.01 compared with the baseline value before body tilt. 


Significant decreases in SAP were found when the 
patients were placed in head-up body tilt during 
spinal anesthesia and after sedation but not before 
spinal anesthesia (Figure 4). However, head-down 
body tilt caused no significant changes in SAP during 
three phases of the study in both low and high spinal 
anesthesia (Figure 4). 

Head-up body tilt caused significant decreases in 
CO and increases in SVR before and during spinal 
anesthesia and after sedation (Figures 5 and 6). 
During head-down body tilt, the changes in CO and 
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Figure 3. Changes in RAP during head-up or head-down body tilt 
before (pre.) and during (post.) spinal anesthesia, and after seda- 
tion (sed.) in low or high spinal anesthesia. Values are mean + SE. 
Baseline values before body tilt are given in Table 2. tP < 0.01 
compared with the baseline value before body tilt. 
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Figure 4. Changes in SAP during head-up or head-down body tilt 
before (pre.) and during (post.) spinal anesthesia, and after seda- 
tion (sed.) in low or high spinal anesthesia. Values are mean + sE. 
Baseline values before body tilt are given in Table 2. *P < 0.05, 
tP < 0.01 compared with the baseline value before body tilt. 


SVR were in the opposite direction to those associ- 
ated with head-up body tilt. Finally, there were no 
significant differences in the responses of HR, SAP, 
RAP, CO, and SVR to body tilt between the patients 
with low and high spinal anesthesia. The hemody- 
namic responses to body tilt after sedation were also 
similar to those before sedation during spinal anes- 
thesia. 


Discussion 


This study demonstrated that 10° head-up body tilt 
during spinal anesthesia resulted in a significant HR 
increase along with significant decreases in RAP and 
SAP. This finding suggests that HR response to body 
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Figure 5. Changes in CO during head-up or head-down body tilt 
before (pre.) and during (post.) spinal anesthesia, and after seda- 
tion (sed.) in low or high spinal anesthesia. Values are mean + sE. 
Baseline values before body tilt are given in Table 2. *P < 0.05, 
tP < 0.01 compared with the baseline value before body tilt. 
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Figure 6. Changes in SVR during head-up or head-down body tilt 
before (pre.) and during (post.) spinal anesthesia, and after seda- 
tion (sed.) in low or high spinal anesthesia. Values are mean + SE. 
Baseline values before body tilt are given in Table 2. *P < 0.05, 
tP < 0.01 compared with the baseline value before body tilt. 


tilt during spinal anesthesia is dependent on arterial 
baroreflex in the face of decreased venous return 
caused by head-up position. Absence of HR increase 
during 10° head-up body tilt before spinal anesthesia 
may suggest the possibility that spinal anesthesia- 
induced cardiovascular alterations could contribute to 
an increase in HR associated with head-up body tilt. 
Therefore, within the range of RAP decreases ob- 
served in this study, the inputs from the cardiopul- 
monary low-pressure receptors, which can sense 
slight changes in thoracic central blood volume, seem 
to play only a minor role in the reflex control of HR 
during spinal anesthesia. 

The bradycardia associated with spinal anesthesia 
has been ascribed in part to an interruption of the 
efferent sympathetic cardiac accelerator fibers of T-1 
through T-4 (1,10). In our patients with T-4 sensory 
(analgesic) level of high spinal anesthesia, most parts 
of the cardiac efferent sympathetic nerves might have 
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been blocked, as two spinal segments of differential 
sympathetic blockade exit above the level of sensory 
spinal blockade (11). Furthermore, although the mean 
sympathetic-sensory differential with tetracaine spinal 
anesthesia is more than six spinal segments, the au- 
thors suggested that the upper sympathetic blockade is 
only partial (12). Our results, indeed, showed that 
head-up body tilt induced similar HR increases during 
either low or high level of spinal anesthesia. These 
findings indicate that the T-4 sensory level of spinal 
anesthesia could not produce total sympathetic block- 
ade and leave the reactivity of the upper parts of 
cardioaccelerator nerves intact to the same degree as in 
the T-10 level of spinal anesthesia. 

The changes in RAP induced by head-up body tilt 
before spinal anesthesia were comparable to those 
after spinal anesthesia, which augment lower-body 
venous compliance owing to deprivation of the sym- 
pathetic tone (1). The reason for the similar decreases 
in RAP associated with head-up body tilt before and 
after spinal anesthesia is not known but may be 
related to the small degree of head-up body tilt. 
Cardiopulmonary low-pressure baroreceptors exert 
the tonic inhibitory effect on sympathetic outflow, 
and that unloading of these stretch receptors because 
of decreased venous return leads to sympathetic 
vasoconstriction in the forearm or splanchnic vascu- 
lar bed without affecting HR (15,14). Because SVR 
increased in response to head-up body tilt without 
significant changes in SAP and HR from baselines 
before spinal anesthesia (Figures 2, 4, and 6), right 
atrial stretch receptors could be assumed to be un- 
loaded during head-up body tilt despite the small 
decrease in RAP of approximately 2 mm Hg (Figtire 
3). Positive chronotropic responses to head-up body 
tilt during spinal anesthesia, therefore, suggest that 
negative chronotropic intrinsic cardiac reflex (1) or 
increased cardiac vagal tone (8,15) owing to’ reduced 
venous return was masked or overshadowed by 
arterial baroreflex during spinal anesthesia, Ecoffey et 
al. (16) have shown that positive chronotropic re- 
sponses to hypotension induced by 30° head-up body 
tilt were impaired in elderly men, even when the 
upper level of epidural analgesia was below T-4. In 
contrast to the advanced age of the patients in their 
report, our patients are relatively young and healthy, 
which might in part account for the discrepancy 
between the HR responses to head-up body tilt. 
However, we cannot exclude the possibility that 


bradycardia might be induced by the steeper head-up . 


body tilt during spinal anesthesia even in our rela- 
tively young patients, which could reduce the RAP 
beyond the range of the current study. 

Aside from denervation of cardiac accelerator 
nerves and unloading of right atrial stretch barore- 
ceptors owing to reduced venous return, paradoxic 
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Bezold-Jarisch reflex originating from the mechano- 
receptors or chemoreceptors in the left ventricular 
wall has been suggested by Mackey et al. (7) as one of 
the possible mechanisms for reflex bradycardia dur- 
ing spinal anesthesia. They have speculated that a 
rapid decrease in ventricular volume could increase 
the activity of these ventricular wall receptors owing 
to vigorous ventricular contraction around the cham- 
ber of an abruptly reduced volume. However, our 
results could not confirm this mechanism, as the 
significant increase in HR ensued possibly from the 
decreased blood pressure, although the left ventricu- 
lar volume would be reduced secondary to decreased 
venous return (17). 

Although the contribution of sedative drugs to 
bradycardia during spinal anesthesia has been sug- 
gested (5,6), sedation exerted no significant effects on 
HR responses induced by body tilt in the current 
study (Figure 2). With regard to the intensity of 
sedation, intravenous administration of 15 mg of 
pentazocine and 10 mg of diazepam might be insuf- 
ficient to produce intense sedation, because only 
relatively young and healthy unpremedicated pa- 
tients were included in the current study. Indeed, 
some patients were in a sleeplike state, but they all 
responded immediately when spoken to. This slight 
degree of sedation achieved in our study might be 
related to only minimal influence of sedation on HR 
responses induced by body tilt during spinal anesthe- 
sia. 

‘In agreement with previous studies, CO showed 
no significant changes after induction of spinal anes- 
thesia (18-20), although a significant decrease in RAP 
of about 1 mm Hg was noted (Table 2). Thus, the 
slight but significant decrease in arterial pressure 
after spinal anesthesia can be ascribed to decreased 
SVR from baseline. Also, the significant decrease in 
CO after the administration of sedatives (Table 2) 
seems to be attributed to direct myocardial depres- 
sion and/or reduced oxygen requirement. The mag- 
nitude of CO increase produced by head-down body 
tilt before or after spinal anesthesia (approximately 
5%-8% of the value in the supine horizontal position) 
was compatible with previous studies examining the 
relationship between body positioning and cardiac 
performance (21,22). 

Several previous investigators have demonstrated: 
positive chronotropic responses to head-up body tilt 
associated with decreased CO and vasoconstriction in 
nonanesthetized humans (23-28). In the current 
study, we also noted significant increases in HR and 
SVR with CO decreases after head-up body tilt in 
patients during spinal anesthesia (Figures 2, 5, and. 
6). However, these cardiovascular responses to or- 
thostatic tilt are attenuated in patients with conges- 
tive heart failure (23,24-26) or critical illness (28). 
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Therefore, some feasible causes of sudden cardiac 
arrest during spinal anesthesia could be aitributed to 
severe derangement in the cardiopulmonary adjust- 
ments to changes in venous return induced by sym- 
pathetic blockade and/or body tilt. According to sev- 
eral previous reports (29-32), autonomic dysfunction 
has been claimed to be responsible for bradycardia 
and asystole in anesthetized and unanesthetized pa- 
tients. Inasmuch as we cannot expect the onset of this 
severe derangement, it is only by continuous vigi- 
lance that catastrophic results can be avoided in 
clinical practice. 

In summary, head-up body tilt during spinal an- 
esthesia produces a significant HR increase in normal 
subjects without any cardiopulmonary disorders. 
This reflex HR increase is not impaired either by high 
level of spinal anesthesia or by. sedation. The authors 
conclude that arterial baroreflex remains functional in 
the face of alterations in venous return associated 
with changes in body position even during high 
spinal anesthesia or mild sedation. 
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Level of Spinal Anesthesia Can Be Predicted by the 
Cerebrospinal Fluid Pressure Difference Between 
Full-Flexed and Non-Full-Flexed Lateral Position 
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We studied whether cerebrospinal fluid pressure 
difference between full-flexed and non-full-flexed lat- 
eral position (dP) influences the spread of intrathe- 
cally (i.e., spinal) administered anesthetic solution 
(SSA). Forty-two women, 18-60 yr old, who under- 
went gynecologic surgery under spinal anesthesia 
were enrolled in the study. They were divided into 
two groups (group 1: <40 yr old, group 2: =40 yr 
old). Before spinal anesthetic injection, we measured 
the pressure difference produced by postural change 
from the right lateral decubitus position (non-full- 
flexed) for needle insertion at the L2-3 interspace to a 
full-flexed lateral decubitus position with a spinal 
needle in place. After they returned to the non-full- 
flexed lateral position, 14 mg of plain tetracaine in 
10% dextrose solution (2.8 mL) was injected intrath- 
ecally in each patient. Pressure differences had a 
significant correlation with the cephalad levels of 
spinal anesthesia in each group; the larger pressure 


anesthetic solution (SSA) is influenced by vari- 

ous factors, such as height, weight, anesthetic 
dose, baricity of spinal anesthetic solution, injection 
site, speed of injection, and posture (1,2). Provided 
these factors are similar, there is still interindividual 
difference in SSA in the subarachnoid space. Cere- 
brospinal fluid pressure (CSF-P) has been reported to 
be unrelated to SSA (2). The volume of CSF into 
which a local anesthetic solution is distributed is 
another determinant of SSA. Cerebrospinal fluid is 
contained in a single compartment, and its volume is 
kept constant during a brief increase of CSF-P (2) 
induced by full flexion, which increases intraabdom- 
inal pressure. Cerebrospinal fluid volume status may 
be assessed by CSF-P change produced by postural 
changes. 


( . pread of intrathecally (i.e., spinal) administered 
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difference was associated with a larger SSA. The 
relationship was stronger in the younger group (cor- 
relation coefficients, 0.82 and 0.63; P-values <0.01 in 
groups 1 and 2, respectively). Three patients in group 
1 developed T-2 anesthesia, whereas no one in group 
2 did (P < 0.01), and their pressure difference values 
ranged from 12 to 16 cm H,O, substantially larger 
than those of the other patients in group 1. Five 
patients in group 2 developed T-3 anesthesia, 
whereas no patient in group 1 (P < 0.01) did, and 
their pressure differences were not essentially larger 
than those of the rest in the same group. The authors 
conclude that pressure differences correlated with the 
SSA, although the mechanism remains to be clarified. 
It seems possible to predict which patient in the 
younger patient group may develop unintentional 
high spinal anesthesia (T-3 or higher) by measuring 
pressure differences. 

(Anesth Analg 1991;73:391-3) 


We, therefore, examined whether the CSE-P dif- 
ference between full-flexed and non-full-flexed lateral 
position in individual patients influences SSA. 


Methods 


Forty-two female patients, without neurologic dis- 
ease, hypertension, diabetes mellitus, large intraab- 
dominal mass, or pregnancy, who underwent trans- 
abdominal hysterectomy or oophorectomy were 
studied. The study protocol was approved by the 
institutional review board. All patients were in- 
formed about the nature of the study and consent 
was obtained. 

Patients were divided into two groups (group 1: 17 
patients <40 yr old; group 2: 25 patients =40 yr old). 
All patients were premedicated with 1.0 mg of oral 
flunitrazepam 90 min before entering the operating 
room. Lactated Ringer’s solution (500 mL) was in- 
fused before spinal anesthesia. In the right lateral 
decubitus position, a straight line was drawn be- 
tween the C-7 and L-5 spinal processes and was set 
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horizontal using a water level adjuster and also by 
tilting the bed up or down as appropriate. A 23-gauge 
needle was inserted at the L2-3 interspace with the 
bevel toward the left side. After clear CSF appeared 
in the hub, a polyvinyl manometer catheter (1.5 mm 
in diameter, 50 cm in length, and 0.4 mL in volume) 
was connected to the hub and kept upright. When 
the flow of CSF stopped ascending the manometer, 
the height (in centimeters) from the level of the spinal 
tap (zero point) was read as CSF-P1. Next, CSF-P2 
was measured when a patient tried to pull her chin 
down to the chest wall and draw her knees up onto 
the chest wall as much as possible with the aid of an 
assistant, but the patient was asked to keep her 
mouth open to avoid Valsalva maneuvers. After the 
tonometric measurements, the patient returned to 
non-full-flexed position and CSF-P3 was measured. 
To minimize further loss of CSF immediately after the 
manometer was disconnected, a spinal mixture of 
2.8 mL of 10% glucose solution containing 14 mg of 
plain tetracaine was injected at the rate of 0.2 mL/s. 
The patient then returned to the supine horizontal 
position. The cephalad level of analgesia obtained 
15 min after the injection was determined on the left 
mammary line by the pin-prick technique. Patients 
were excluded from the study if the difference be- 
tween CSF-P1 and CSF-P3 was 2 cm H,O or more. 

We recorded the time needed for the tonometric 
procedure and the incidence of bloody taps and 
postdural puncture headache during the study. On 
the second or third postoperative day, we questioned 
the patients as to whether they had experienced 
headache or low back pain. The statistical analysis of 
the patients’ data between groups 1 and 2 was 
performed using Student's t-test, and the difference 
between CSF-P1 and CSF-P2 values in each group 
was examined using paired Student's t-test. The 
correlation coefficients were calculated between 
height, weight, Broca index (weight x 100/[height — 
100]), age, CSF-P1, CSF-P2, pressure difference 
(CSF-P2 minus CSF-P1), and SSA (i.e., the number of 
spinal segments anesthetized above L-3) in each 
group. The number of patients who developed ceph- 
alad levels of T-2 and T-3 were compared between 
groups 1 and 2 using a x~-test. P-values less than 0.05 
were considered statistically significant. 


Results 


Two patients in group 1 and one patient in group 2 
were excluded from the study because the difference 
between P1 and P2 was more than 2 cm H,O. The 
mean values of height, weight, Broca index, CSF-P1, 
CSF-P2, pressure difference, and SSA were not sig- 
nificantly different between the groups. The mean 
value of CSF-P2 was larger than that of CSF-P1 in 
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Table 1. Patient Data 
Group 1 Group 2 
Number 15 24 
Age (yr) 3147 47 + 5 
Height (cm) 154 + 3 155 + 3 
Weight (kg) 48 + 4 55+5 
Broca index (%) 99 + 10 110 + 10 
P1 (cm H,O) 13 +3 12+4 
P2 (cm H,O) 21 + 5° 19 + 6° 
dP (cm H,O) 8+4 6+4 
SSA (segments) 10 + 2 10+2 


Range T6-2 T7-3 


PI, cerebrospinal fluid pressure measured in the right lateral decubitus 
position; P2, cerebrospinal fluid pressure in the right lateral position with 
chin in chest and knees drawn up to chest; SSA, spread of spinal anesthetic 
solution; dP, pressure difference between P1 and P2. 

Values are mean + sp. 

"P < 0.01 vs group 2. 

èP < 0.01 vs P1 in each group. 
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Figure 1. Cerebrospinal fluid pressure difference between flexed 
and nonflexed position (dP) and spread of spinal anesthesia (SSA). 
A larger dP value implies a larger spread, with more accuracy in 
group 1 (continuous line and filled circle) than in group 2 (dashed line 
and open circle). Note that in group 1 three patients with T-2 
anesthesia had larger pressure differences than the others by more 
than 4 cm H,O, whereas in group 2 five patients with T-3 
anesthesia did not necessarily have larger pressure differences 
than the others. (Group 1: correlation coefficient = 0.82, P < 0.01; 
group 2: correlation coefficient = 0.63, P < 0.01.) 


both groups, P < 0.01 (Table 1). In both groups, SSA 
had no significant correlation with height, weight, 
Broca index, CSF-P1, or CSF-P2, but there was a 
significant correlation between pressure differences 
and SSA in each group, P < 0.05 (Figure 1). 

Three patients in group 1 developed anesthetic 
levels of T-2. Their pressure differences were 12, 14, 
and 16 cm H,O, respectively, and these were larger 
than the pressure difference of any other patient by 
4 cm H,O or more (Figure 1). These three patients 
had no significant difference from the rest in the same 
group regarding height, weight, and Broca index. 
Five patients in group 2 developed T-2 anesthesia. 
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Their pressure differences ranged from 4 to 16 cm 
HO, which could distinguish these five patients 
from the rest in the same group (Figure 1). There 
were no significant differences between the five pa- 
tients and the rest in group 2 regarding height, 
weight, and Broca index. 

Bloody CSF was not observed during the study. 
The tonometric procedure per se was finished within 
about 1 min. There were no patients with postoper- 
ative back pain and/or postdural puncture headache 
in either group. 


Discussion 


Our results indicate that CSF-P1 did not have a 
significant correlation with SSA, as has been previ- 
ously reported (2). Pressure difference is caused by 
epidural venous engorgement after increased intra- 
abdominal pressure and has a significant correlation 
with SSA. 

The relationship between SSA and the volume of 
CSF in the lumbar and lower thoracic subarachnoid 
space has not been studied, but a recent editorial 
suggests that the lumbosacral CSF volume influences 
buffering capacity for local anesthetics and therefore 
SSA (3). We believe our results can be explained by 
the following logic. The larger pressure difference 
corresponds to the smaller CSF volume in the lumbar 
and lower thoracic subarachnoid space and to the 
larger SSA obtained. The larger pressure difference in 
the smaller CSF volume, however, seems to be con- 
tradictory to the presently accepted postulate (2). A 
patient with a smaller CSF volume may need a 
smaller spinal anesthetic dose than a patient of the 
same height with a larger CSF volume to achieve the 
same dermatome level of spinal anesthesia. A patient 
with a larger pressure difference is more comparable 
to a patient with a big abdominal mass sitting on the 
inferior vena cava than to those with a smaller pres- 
sure difference. 

The three patients with T-2 anesthesia in group 1 
had substantially larger pressure differences than the 
other patients in the same group. We can possibly 
prevent unintentionally high spinal anesthesia by 
measuring the pressure difference in younger indi- 
viduals. However, because of the smaller correlation 
between SSA and pressure differences in group 2, the 
same postulate may not be as useful for older pa- 
tients. In practical terms, prediction of high spinal 
anesthesia in the younger patient population may be 
more accurate than in the older population. The 
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present result may be partly due to the more flexible 
spine in the younger patients than in the older ones. 
The subclinical changes of aging are considered to 
begin at the age of 40 yr and are partly attributed to 
hormonal insufficiency (4). Regarding the influence 
of age on extent of anesthesia, our results are not 
necessarily in accordance with the previous reports 
suggesting poor predictability of the extent of anes- 
thesia over a wide range of age (5,6). 

The technical factors that may affect CSF dynamics 
in this study may be negligible because SSA is unaf- 
fected by a transient elevation of CSF-P (7). For fear of 
possible contamination, we did not return the CSF in 
the manometer after P3 measurement but the amount 
of the CSF lost was calculated to be about 0.1 mL. 
This was considered too small to influence SSA (8,9). 
Changing the patient’s position with the spinal nee- 
dle in place was not found to be hazardous. The 
approximate time of 1 min needed for tonometry 
seemed acceptable for both our patients and the 
operating room staff members. | 

In conclusion, we believe unintentional high spinal 
anesthesia is, to some extent, not only predictable by 
measuring the pressure difference but also preventable 
by tailoring the anesthetic dose according to it. 


We are very grateful to Dr. G. Trahern, SSC Laboratory, Dallas, 
Texas, for his linguistic help with the manuscript. 
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Strength of Continuous Spinal Catheters 


Stephen J. Ley, MD, and Brian R. Jones, MD 


Department of Anesthesiology, School of Medicine, University of California, Davis, California 


Several commercially available catheters are currently 
marketed for continuous intrathecal use. Initial stud- 
ies using continuous spinal catheters have reported 
several occurrences of retained fragments after re- 
moval of the catheter. Accordingly, we measured the 
break strength of five commercially available cathe- 
ters. The TFX/Rusch 28- and 32-gauge continuous 
spinal catheters required 3.18 and 1.92 lb to break, 
respectively. The Kendall 28-gauge, the Preferred 
Medical Products 24-gauge, and the 24-gauge Burron 


he development of small-diameter, continuous 

spinal catheters has renewed the popularity of 

continuous spinal anesthesia (1,2). Difficulties 
and complications of this technique still remain and 
include postdural puncture headache, inadequate 
anesthesia, paresthesias, risk of infection, and tech- 
nical difficulties such as inability to thread the cathe- 
ter, catheter kinking, and catheter breakage (3-5). A 
recent report highlighted these technical problems 
and presented catheter break-strength data (supplied 
by the manufacturers) for several continuous spinal 
catheters (6). Independent break-strength testing has 
not been reported. The strength of the catheter 
should be related to the possibility of breakage. Using 
the American Standard Testing Methods protocol (7), 
we tested the strength of five currently available 
continuous spinal catheters and present an indepen- 
dent analysis of catheter break-strength measure- 
ments. 


Methods 


Four new catheters of each type were purchased from 
each manufacturer: MicroSpinal 28- and 32-gauge 
(TFX/Rusch Inc., Duluth, Ga.), CoSpan 28-gauge 
(Kendall, Mansfield, Mass.), Preferred Medical 24- 
gauge (Preferred Medical Products, Richmond Hill, 
Ontario, Canada), and Burron 24-gauge (Burron 
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catheters averaged 1.22, 1.97, and 3.55 lb to break, 
respectively. We also tested a commonly used Burron 
20-gauge catheter, which is marketed for epidural 
use, and found it had an average break strength of 
6.35 lb. The tested values obtained for the TFX/Rusch 
catheters were lower than the break strength values 
supplied by the manufacturers. The authors conclude 
that the break strength of spinal catheters is one-third 
to one-half that found for a typical epidural catheter. 

(Anesth Analg 1991;73:394-6) 


Medical, Bethlehem, Pa.) catheters. A Burron 20- 
gauge polyamide epidural catheter was also tested for 
comparison. All tests were performed at an indepen- 
dent materials testing laboratory (Matrecon Testing 
Labs, Alameda, Calif.). 

The cross-section diameter of each specimen was 
measured with an electronic thickness gauge. The 
catheters were then cut into 20-cm segments, and 
double loops were tied at the end of each catheter 
segment. The distance between the knots was ap- 
proximately 5 cm. Smooth metal rods were inserted 
through each loop and then into a constant rate of 
extension tensile testing machine (Instron Universal 
Testing Instrument, model 1130, Instron Corp., Can- 
ton, Mass.). The catheter segments were pulled 
25 cm/min at 23 + 1°C. The American Standard 
Testing Methods protocols were followed for all tests 
(7). Four catheters of each type were tested in tripli- 
cate, providing 12 values. The results are presented 
as mean + standard deviation. 


Results 


All catheter segments broke at their midsection be- 
tween the two knots, away from the loops where the 
force was applied. The average break strengths (in 
pounds) of the catheters were: Preferred Medical 
Products 24-gauge, 1.97 + 0.22; Kendall 28-gauge 
nylon, 1.22 + 0.14; TFX/Rusch 32-gauge, 1.92 + 0.08; 
TFX/Rusch 28-gauge, 3.18 + 0.16; Burron 24-gauge, 
3.55 + 0.21; Burron 20-gauge epidural, 6.35 + 0.35. 
(For further details, see Table 1.) 
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Table 1. Break Strength 


Outside Break strength (Ib) 
diameter = m.m 
Manufacturer Gauge (mm) Present tests’ Advertised 
TEX/Rusch 32 0.233 0.93 + 0.13? 
Medical 
1.92 + 0.08° 2.6 
TFX/Rusch 28 0.370 1.57 + 0.28? 
Medical 
3.18 + 0.16° 4.2 
Kendall 28 0.355 1.22 + 0.14 d 
Preferred 24 0.566 1.97 + 0.22 d 
Medical 
Burron 24 0.542 3.55 + 0.21 d 
Burron - 20 0.858 6.35 + 0.35 7.0 
(epidural) 
“Mean + sp. 
’Catheter. 


‘Stainless steel stylet. 
4Not included in manufacturer's report. 
‘Personal communication from Burron Medical. 


The values reported for the TFX/Rusch catheters 
are the force required to break the stainless steel 
stylet. The polyamide tubing that surrounds and is 
adherent to the stylet broke after the stylet broke. The 
catheter alone required greater elongation to break 
and had lower break strengths than the stylet: 0.93 + 
0.13 and 1.57 + 0.27 lb for the 32- and 28-gauge 
catheters, respectively. 


Discussion 


It is important to discriminate between tensile 
strength and break strength. Tensile strength is ex- 
pressed in pounds per square inch and is conse- 
quently difficult to measure when the cross-sectional 
area is difficult to measure such as in catheters with 
hollow lumens. By convention, round extruded ma- 
terials aré evaluated by break strength. Break- 
strength testing is usually done with the test material 
clamped at each end. We used a modified method 
with smooth rods in place of clamps. When clamps 
were used, the pressure from the clamps weakened 
the material and caused a premature break. 

To approximate what a clinician might do if a 
catheter is difficult, to remove, the catheters were 
pulled at 25 cnvmin. The pull speed used during 
previously reported break-strength testing was not 
reported (6). When polymers are pulled very slowly, 
the material flows and partial crystallization occurs. 
In this situation, more force may be required to break 
a sample. It is possible that a slower pull speed would 
yield a larger a value than what we ob- 
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Figure 1. The TEX/Rusch catheter has a metal stylet permanently 
imbedded into the side wall. The built-in stylet remains in place to 
improve the break strength of the catheter. 


tained; however, a pull speed slower than 25 cm/min 
may not be clinically relevant. 

In this study, the break-strength values for the 
TEX/Rusch 32- and 28-gauge catheters were lower 
than those reported by the manufacturers. The Pre- 
ferred Medical’s manufacturing process has been 
modified, and recently, manufactured catheters may 
have greater strength than the catheters we tested. 
Preferred Medical also manufactures 28- and 32- 
gauge polyurethane catheters marketed for continu- 
ous spinal use, but they were not available to us 
when we did our testing. 

The TFX/Rusch catheters are unique in that they 
are a combination of two materials. The metal stylet is 
permanently fused: to the flexible catheter material 
(Figure 1). The metal stylet provides the majority of 
the strength. There is the concern that the stylet 
could kink and weaken (or even. break) and the 
catheter could still appear intact. 

In summary, break’strengths for three continuous 
spinal catheters are approximately one-third to one- 
half the break strength of a commonly available 
epidural catheter. The break-strength values we ob- 
tained were also different from those previously 
reported. Break-strength testing should continue to 
be a vital part of manufacturing quality control, and 
extreme caution should be used when these catheters 
are removed. 


We thank Dr. Henry Haxo and Matrecon Testing Labs for their 
help and guidance during this project. 
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Comparison of 40 Milliliters of 0.25% Intrapleural 
Bupivacaine With Epinephrine With 20 Milliliters 
of 0:5% Intrapleural Bupivacaine With Epinephrine 


After Cholecystectomy 


Kjell E. Str6mskag, MD, PhD, Bruce G. Minor, DrMedSc, and Anders Lindeberg, MSc 
Department of Anesthesiology, Molde County Hospital, Norway; Astra Pain Control AB, Södertälje, Sweden 


To determine the influence of the volume of local 
anesthetic injected for intrapleural analgesia, 40 pa- 
tients undergoing cholecystectomy were randomly 
allocated to two groups of 20 patients each. One 
group received 40 mL of 0.25% bupivacaine with 
epinephrine injected intrapleurally postoperatively. 
The other group received 20 mL of 0.5% bupivacaine 
with epinephrine. The onset time of analgesia was 
nearly the same in both groups and within 25 min all 


urgery and postoperative pain adversely affect 
ambulation and respiratory function. After up- 


per abdominal surgery the incidence of pulmo-. 


nary complications increases due to difficulty in 
coughing and taking deep breaths (1). Traditional use 
of postoperative narcotic analgesics is associated with 
side effects, especially respiratory depression (2). 
Intrapleural administration of local anesthetics has 
been reported to relieve pain after upper abdominal 
surgery (3-5). Many authors recommend 20 mL of 
0.5% bupivacaine for intrapleural injection, but 20 mL 
of 0.25% bupivacaine is also satisfactory for pain relief 
(4). The effect of larger volumes of the local anesthetic 
solution on intrapleural analgesia is unknown. 

The objective of this study was to determine 
whether the volume of local anesthetic injected intra- 
pleurally influences the effectiveness and duration of 
postoperative analgesia after upper abdominal sur- 


gery. 


Methods 


This investigation was approved by the local ethical 
committee and was performed in accordance with the 
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patients were nearly pain free. Our data demonstrate 
that 100 mg of bupivacaine with, epinephrine elicits 
effective analgesia after cholecystectomy. There are 
only minor differences between 20 and 40 mL with 
regard to pain relief. The authors conclude that the 
volume of local anesthetic within the range of 
20-40 mL in an adult has little influence on the extent 
or duration of intrapleural analgesia. 

(Anesth Analg 1991;73:397-400) 


recommendations of the Helsinki Declaration. In- 
formed consent was obtained from each patient. 
Patients with a history of pneumothorax, hemotho- 
rax, severe heart failure, or allergy to local anesthetics 
were excluded. 

Forty patients who had undergone cholecystec- 
tomy (subcostal incision) were included in this 
blinded study. They were randomized into two 
groups to be given either 20 mL of 0.5% bupivacaine 
with epinephrine (5 pg/mL) or 40 mL of 0.25% 
bupivacaine with epinephrine (5 ag/mL). Oxaze- 
pam (25-75 mg) was given orally 1-2 h before induc- 
tion of anesthesia. Surgery was performed under 
general anesthesia with thiopental, fentanyl (mean 
0.6 + 0.2 mg)/alfentanil (mean 4 + 1 mg), pancuro- 
nium/vecuronium, and nitrous oxide/oxygen. 

After completion of surgery but before extubation 
of the trachea, the patients were turned to the left 
side, and an epidural catheter (Portex 16-gauge, 
closed end with three lateral eyes) was introduced 
5-6 cm into the right pleural space through a 16- 
gauge Tuohy needle inserted at the eighth or ninth 
intercostal space, just above the upper edge of the 
lower rib, 8-10 cm from the midline posteriorly (3,4). 
General anesthesia was then discontinued. 

When the patient reported pain after surgery, 
either 20 or 40 mL of the bupivacaine solution was 
injected intrapleurally in a randomized manner. The 
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Table 1. Demographic Data of the Patients Studied 


Age Weight 

(yr) (kg) 
40 mL of 0.25% bupivacaine 64 + 16 71 + 16 
20 mL of 0.5% bupivacaine 60 + 13 69 + 8 


Systolic and Diastolic Blood Pressure 
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Figure 1. Heart rate and systolic and diastolic arterial blood 
pressures before and for 60 min after intrapleural injection of 20 mL 
of 0.5% bupivacaine with epinephrine or 40 mL of 0.25% bupiv- 
acaine with epinephrine. *P < 0.05. 


person who conducted the examination and scoring 
postoperatively was unaware of the volume of the 
bupivacaine solution that had been injected. Injection 
took approximately 60 s with 5 mL being first injected 
as a test dose. The degree of postoperative pain using 
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Figure 2, Pain (VAS) after intrapleural injection of 20 mL of 0.5% 
bupivacaine with epinephrine or 40 mL of 0.25% bupivacaine with 
epinephrine. *P < 0.05. 


a visual analogue scale (VAS, 0-100 ae was as- 
sessed when the patient first complained of pain after 


- surgery and 2, 5, 10, 15, 20, 25, 30, and 45 min and 1, 


2, 3, 4, 6, and 8 h after intrapleural injection. Use of 
supplementary analgesics was recorded. 

The extent of the sensory anesthesia was deter- 
mined by pinprick at the same time that the level of 
pain was recorded. The duration of the analgesia was 
regarded as the period starting when the patient 
became free of pain to the time when further analge- 
sics were required. 

Systolic and diastolic arterial blood pressures and 
heart rate were recorded before injection and 2, 5, 10, 
15, 20, 25, 30, and 45 min and 1, 2, 3, 4, 6, and 8 h 
after intrapleural injection. Side effects and complica- 
tions were recorded. Postoperative chest radiographs 
were taken after 24 h. Visual analogue scale data were 
evaluated for statistical significance by repeated mea- 
sures analysis. For the purpose of statistical analysis, 
a Wilcoxon signed rank test, Fisher two-sided test, x” 
test, and analysis of variance t-test were used. A P 
value of 0.05 indicated statistical significance. The 
results are expressed as medians. 


Results 


Data on age, patient weight, height, sex, duration of 
operation, and times between operation and injection 
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Figure 3. Number of segments of sensory analgesia after intrapleural injection of 20 mL of 0.5% bupivacaine with epinephrine or 40 mL 


of 0.25% bupivacaine with epinephrine. 


(Table 1) showed no significant differences between 
the groups. 

Heart rate and systolic and diastolic arterial blood 
pressures are shown in Figure 1. Differences in arte- 
rial blood pressure and heart rate were not significant 
except at 15 min. 

The pain scores on a VAS scale are shown in 
Figure 2. Nearly complete pain relief was obtained 
within 25 min in both groups. After 15 min the VAS 
levels were lower in patients given 20 mL of 0.5% 
bupivacaine than in patients who received 40 mL of 
0.25% bupivacaine (30.0 vs 37.7 mm; Figure 2). 

The median duration of analgesia in the group 
given 20 mL of 0.5% bupivacaine was 435.0 min. In 
the group given 40 mL of 0.25% bupivacaine, the 
median duration was 437.5 min. The difference was 
not statistically significant. 

Differences in sensory anesthesia were not statis- 
tically significant in the two groups (Figure 3). In the 
group given 20 mL of 0.5% bupivacaine, a median of 
10.5 segments was recorded at the time of maximal 
spread. In the group given 40 mL of 0.25% bupiv- 
acaine, the median was 8.5 segments. Time for max- 
imal spread was the same in both groups (30 min). 
Chest radiographs on the first postoperative day 
were negative for pneumcthoraces in all patients. 


Discussion 


The intrapleural analgesic technique has been used 
for management of postoperative pain after unilateral 
surgery in the upper abdomen (3-7). The effective- 
ness of this method after thoracotomies is more 
variable and may even be ineffective (8), perhaps 
because a major portion of the local anesthetic drug 


was lost by suction through a chest tube. Intrapleural 
regional anesthesia has also been used for multiple 
rib fractures, herpes zoster, thoracic and pancreatic 
pain, and sympathetic reflex dystrophy (9-13). There 
are still, however, questions as regards the optimal 
volumes of local anesthetic solutions for intrapleural 
injection. From 2 to 30 mL have been injected with 
good effect (10-14). Another report indicates that 
30 mL of 0.5% bupivacaine was needed to elicit an 
effective blockade (8). Thirty milliliters of 0.75% bu- 
pivacaine with or without epinephrine (maximum 
plasma concentration, 2.50 yg/mL) elicited no side 
effects, and the frequency of administration of nar- 
cotics decreased and the hospital stay decreased (15). 
In other studies, this dosage (30 mL of 0.75% and 
30 mL of 0.5% bupivacaine) was found to elicit high 
plasma concentrations (4.9 g/mL) (14,16). 

Our study shows that the volume makes little 
difference with regard to effectiveness of intrapleural 
injection in relieving postoperative pain. The onset 
time is the same with injection of either 40 mL of 
0.25% or 20 mL of 0.5% bupivacaine. After 15 min 
there was a statistically significant difference on VAS 
with 37.7 mm after injection of 40 mL of 0.25% 
bupivacaine and 30.0 mm after injection of 20 mL of 
0.5% bupivacaine. l 

We conclude that the volume of local anesthetics 
within the range of 20-40 mL, with the same dosage, 
has little effect with respect to extent and duration of 
analgesia after intrapleural injection of bupivacaine 
with epinephrine. 
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0.5% Bupivacaine 


Onset of Epidural Blockade After Plain or Alkalinized 


Christian Verborgh, MD, Marie-Anne Claeys, MD, and Frederic Camu, MD 


Department of Anaesthesiology, Flemish Free University of Brussels, Brussels, Belgium 


This double-blind study investigated the effect of 
adding 1.4% bicarbonate to 0.5% bupivacaine on 
onset time of sensory and motor blockade after epi- 
dural administration. Forty patients were randomly 
divided into one of two groups. Group 1 received 
20 mL of-0.5% bupivacaine (pH, 5.58 + 0.12) and 
group 2 received 20 mL of 0.5% bupivacaine + 0.6 mL 
of 1.4% bicarbonate (pH, 6.53 + 0.06). Onset of 
temperature sensation loss occurred at L-1 after 5 min 
in both groups. The first signs of motor impairment 


here is considerable disagreement as to whether 

alkalinization of 0.5% bupivacaine hastens the 

onset of epidural blockade. Benhamou et al. (1) 
and Stevens et al. (2,3) reported no difference in the 
time required to reach a certain dermatome, or differ- 
ence in spread, whereas Mc Morland et al. (4) and 
Tackley and Coe (5) documented faster onset of sensory 
blockade. In these papers either pregnancy (1,4,5) or 
the addition of epinephrine (1-3,5) may have influ- 
enced the results reported. Indeed, the addition of 
epinephrine to a local anesthetic shortens the onset of 
epidural blockade (6) and pregnancy alters the onset 
and spread of epidural blockade, possibly by various 
mechanisms (7-9). We therefore tested the hypothesis 
that alkalinization of 0.5% bupivacaine without epi- 
nephrine increases the speed of onset of sensory and 
motor blockade after epidural administration in non- 


_ pregnant patients in a randomized, double-blind study. 


Methods 


Forty patients (ASA physical status I) scheduled for 


orthopedic surgery gave informed consent for partic- 
ipating in the study. The study protocol was ap- 
proved by the hospital ethics committee. The demo- 
graphic data of the patients are shown in Table 1. The 
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were seen after 4 min in three patients in group 1 and 
two patients in group 2. Maximum motor blockade 
was reached after 30 min in group 1 and after 36 min 
in group 2. No difference in motor blockade or 
upward spread of anesthesia was noted between the 
two groups. The authors conclude that alkalinization 
of 0.5% bupivacaine offers no improvement in the 
onset of epidural blockade. 

(Anesth Analg 1991;73:401—4) 


patients were given 0.5 mg of atropine 30 min before 
the start of the procedure. Upon arrival in the recov- 
ery ward, 750 mL of crystalloid was given intrave- 
nously. The patients were then placed in a seated 
position. After local skin infiltration at the L4-5 inter- 
vertebral space with 3 mL of 2% lidocaine, a 17-gauge 
Tuohy needle was inserted and advanced until the 
epidural space was identified. The patients were 
divided according to a randomized protocol into two 
groups to receive plain or alkalinized bupivacaine 
solutions prepared by a second anesthesiologist, so 
that the evaluating anesthesiologist could remain 
unaware of the nature of the solution. The patients in 
group 1 received 20 mL of a solution consisting of 
40 mL of 0.5% bupivacaine. The patients in group 2 
received 20 mL of a solution consisting of 40 mL of 
0.5% bupivacaine to which 1.2 mL of 1.4% sodium 
bicarbonate had been added. After injection, the 
glass tray with the remaining 20 mL was handed over 
to the first anesthesiologist who made the pH evalu- 
ations. pH was measured on-line using a Novolog pH 
meter with a glass electrode and an error reading of 
0.01. The end of the injection was considered as point 
0 of the time measurements. Evaluation of loss of 
temperature sensation was performed using an ice 
cube every 2 min for 40 min. Motor blockade was 
evaluated at 2-min intervals at three different joints 
(hip, knee, and foot), with a three-grade response to 
extension (2 for no impaired movement, 1 for partial 
movement, 0 for no movement), providing a total 
score of 12 for a bilateral evaluation. Randomization 
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Table 1. Demographic Data on Patients 
Group 2 


sos 
68 + 2 
169 + 2 


Age (yr) - 
Weight (kg) 
Height (cm) 


M/F 14/6 12/8 


All values are mean + SEM. 


was performed using randomization tables (Geigy 
scientific tables). Times until loss of temperature 
sensation and motor blockade scores were treated for 
descriptive statistics. Values are expressed as mean + 
SEM with the exception of scores, which are expressed 
as medians. Kruskal-Wallis one-way analysis of vari- 
ance and Wilcoxon signed rank test were used for 
comparison within groups. Friedman two-way anal- 
ysis of variance and Mann-Whitney U-test were used 
for comparisons between groups. These tests were 
performed using STATGRAPHICS v.4.0 (STSC, Inc). 
P < 0.05 was considered significant. 


Results 


The two groups were comparable with respect to age, 
weight, and height (Table 1). pH measured at the 
time of injection was 5.58 + 0.12 in group 1 and 6.53 
+ 0.06 in group 2. No precipitation was visible at that 
time. However, during the 40-min observation pe- 
riod, the observed pH values increased slowly to 5.70 
+ 0.06 in group 1. Ina similar way the pH readings in 
group 2 increased significantly to 7.04 + 0.04. Precip- 
itation was observed after 40 min in all samples in 
group 2, even though in some, pH was lower than 
7.0. Comparison of pH between the two groups was 
highly significant. 

The first dermatome to lose temperature sensation 
was L-1 after 5 min in both groups (Figure 1). 5-1 took 
22 min in group 1 and 21 min in group 2. L-5 took 16 
and 15 min, respectively. There were no significant 
differences between the two groups with respect to 
time until temperature sensation loss for the der- 
matomes evaluated. Upward spread was not statisti- 
cally different in the two groups (Figure 2). 

The first signs of motor impairment were discern- 
able after 4 min in three patients in group 1 and two 
patients in group 2 (Figure 3). The lowest median 
score, which was 4 in both groups, was reached after 
30 min in group 1 and 36 min in group 2. Lowest 
upper-quartile was 6 in group 1 and 8 in group 2 and 
was reached after 28 and 18 min, respectively. Lowest 
lower-quartile was 4 in both groups and was reached 
after 22 min in group 1 and 26 min in group 2. A 
maximum interquartile range of 4 was observed after 
8, 10, 14, 22, and 24 min in group 1 and after 8, 26, 28, 
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Figure 1. Mean time + sem until start of temperature sensation 
loss for the different dermatomes after epidural administration of 
plain 0.5% bupivacaine (group 1, -W-) or alkalinized 0.5% bupiv- 
acaine (group 2, -O-). 


30, 32, 34, 36, 38, and 40 min in group 2. However, 
motor blockade was not significantly different be- 
tween the two groups. 


Discussion 


In our study the addition of 1.4% bicarbonate to 0.5% 
bupivacaine did not alter onset, spread, or degree of 
motor blockade after epidural administration. These 
findings are in agreement with two other reports 
(1,2). Benhamou et al. (1) did not find any difference 
in onset of sensory blockade or time to reach the 
maximum level of anesthesia after epidural adminis- 
tration of alkalinized or plain 0.5% bupivacaine in 
pregnant patients. It was shown in one animal study 
that pregnancy shortens onset time of nerve blockade 
after bupivacaine (7). It is not known whether this 
effect should be attributed to the effect of hormonal 


- factors on the membrane (9) or to enhanced diffusion 


(7). The effect of alkalinization in this study could 
have been clouded by an already enhanced diffusion 
caused by pregnancy. Stevens et al. (2) used a safety 
pin to determine onset of analgesia at L-2 and found 
no difference after epidural administration of plain or 
alkalinized 0.5% bupivacaine with epinephrine 
(1:200,000). Because of its pharmacologic interference 
during a nerve block, we choose to omit epinephrine 
in our study. Although the time between preparation 
of the solutions and their administration was not 
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Dermatome 
Figure 2. Frequency histogram showing upper level of tempera- 
ture sensation loss reached 40 min after epidural administration of 
plain (group 1: top) or alkalinized (group 2: bottom) 0.5% bupiv- 
acaine. 


mentioned in those reports, we took the utmost care 
in minimizing this interval. Indeed, a previous report 
(10) established the importance of reducing this time 
to a minimum. By exposing the solution to surround- 
ing air, CO, escapes at the air-solution interface, 
thereby increasing pH and causing more precipita- 
tion of bupivacaine base, which was clinically ob- 
served in the remainder of our alkalinized solutions 
after the observation period. Although a laboratory 
report by Bonhomme et al. (11) demonstrated the 
stability of concentration after 6 h in the presence of 
precipitation, we believe that the homogeneity of the 
solution is lost, which may lead to errors in dosing 
especially if only part of the solution is injected and 
crystalloid precipitation is left in the recipient. 

As prewarming of the solution to 37°C (12,13) 
could have a separate effect on increasing the speed 
of onset, the solutions were prepared at room tem- 
perature to document more clearly any potential 
difference in the speed of onset. Furthermore, the 
presence of more nonionized amide is favored by 
increasing temperature due to lowering the pKa (14), 
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Figure 3. Box and whisker plot of degree of motor blockade at 
different times after epidural administration of plain (group 1: top) 
or alkalinized (group 2: bottom) 0.5% bupivacaine. The central box 
covers the middle 50% of the motor blockade scores between the 
lower and the upper quartiles. The whiskers extend out to the 
extremes (minimum and maximum scores), and the central bar is at 
the median. Observed scores that exceed 1.5 times the interquartile 
range are drawn separately. 


making a comparison with other studies or clinical 
circumstances more difficult. A modification of de- 
gree of crystallization caused by warming, as men- 
tioned recently (15,16), would not have been relevant 
because of the rapid administration of our solutions. 

Two authors did find a difference in onset of 
epidural blockade due to alkalinization of bupiv- 
acaine in pregnant patients. Mc Morland (4) used 
0.25% bupivacaine in smaller doses to determine 
onset at T-12-L-1. The failure of detection of any 
difference in our group may have been caused by ani 
overshoot in concentration. Independent of the the- 
oretical consideration that a larger concentration in 
situ hastens perineural diffusion and thus the effect 
(17), concentration may have been too high, provok- 
ing massive perineural transfer irrespective of pH. 
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Such a transfer may have been more than necessary 
to be effective, thereby obtunding any difference 
caused by alkalinization. Tackley and Coe (5) added 
epinephrine in the alkalinized group and the faster 
onset in this group might be an effect of the epineph- 
rine as well as the alkalinization. 

A possible shortcoming of this study is the lack of 
information on CO, tension in solution (18). Prelim- 
inary efforts to determine CO, tension failed to pro- 
vide an end-point measurement. This is probably 
due to constant reequilibration of CO, between the 
aqueous and air phase while working on an open 
recipient, a problem that is not encountered in closed 
vials. 

The alkalinization of bupivacaine seems to pro- 
duce more parallel study conclusions for different 
block procedures. No benefit was demonstrated for 
onset time in different spinal block studies (19-21) 
after alkalinization of a 0.5% bupivacaine solution 
with or without epinephrine. In brachial plexus block 
(22), onset time was also not different between the 
alkalinized and plain groups. On the contrary, a clear 
difference in onset of akinesia (23,24) was demon- 
strated in peribulbar block with plain or alkalinized 
0.75% bupivacaine with hyaluronidase, which by 
itself may display a different activity in alkaline 
medium. This study did not demonstrate any differ- 
ence between alkalinized and pldin 0.5%. bupivacaine 
for onset of sensory and motor blockade. We con- 
clude that there is no benefit from the addition of 
bicarbonate to bupivacaine for epidural blockade. 


We thank Annemie Maes for excellent secretarial work and Anja 
De Bruycker, Peter Goossens, and Hilde Boon of the Postanesthe- 
sia Care Unit for skillful assistance. 
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Epidural Sufentanil for Postoperative Analgesia: 
Dose-Response in Patients Recovering From Major 


Gynecologic Surgery 
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To determine the lowest effective dose of epidural 
sufentanil given for analgesia, 41 patients undergoing 
elective abdominal gynecologic surgery during con- 
tinuous epidural anesthesia (lidocaine 2%) were ran- 
domly assigned to one of four postoperative treat- 
ment groups. Patients received an epidural bolus of 
either 25 (group A), 40 (group B), 55 (group C), or 
70 ug (group D) sufentanil in 10 mL of saline. They 
were evaluated for the next 8 h using a 10-cm visual 
analogue scale. Except for two individuals in group 
A, all patients achieved a visual analogue scale score 
of 1 cm or less during the study interval. The onset of 
analgesia was most rapid in the two higher dose 
groups (A vs C and D; P < 0.05). Pairwise compari- 
son between groups showed a significant difference 
in the time needed to achieve maximum pain relief 


1 highly effective analgesia after general surgery 
(1-3) and cesarean section (4,5). The drug’s 

high lipid solubility and j-receptor affinity (6) pro- 
mote the rapid onset of intense analgesia (1-3). 
Alternatively, sufentanil’s relatively short duration 
(1,2), high epidural dose requirement (3-5), and 
potential for acute-onset respiratory depression (7,8) 
may limit its overall usefulness in this setting. Per- 
haps epidural sufentanil would be an effective initial 
analgesic, providing a period of profound analgesia 
during which additional means of pain control could 
be initiated. The present prospective randomized 


Rhy administration of sufentanil provides 
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between the lowest and highest treatment groups 
(A vs D; P < 0.05). Duration of analgesia was also 
significantly longer in groups C and D than in group 
A (208.0 + 21.1 and 224.0 + 14.7 vs 140.0 + 10.7 min; 
P < 0.05). There were no differences among groups 
with regard to mean respiratory rate, level of seda- 
tion, 24-h narcotic requirements, or incidence of 
nausea, vomiting, and pruritus (P = NS). A single 
patient in group D suffered profound respiratory 
depression within seconds of administration. We 
conclude that, in patients recovering from lower 
abdominal surgery, a single 40-55-ug epidural bolus 
of sufentanil provides 3-3.5 h of effective analgesia, 
and that larger doses are not warranted. 

(Anesth Analg 1991;73:405-9) 


dose-response study sought to determine the lowest 
effective dose(s) of epidural sufentanil that could 
provide analgesia of rapid onset in patients experi- 
encing pain after lower abdominal surgery. 


Methods 


The study was approved by the Human Investiga- 
tions Committee of Yale University School of Medi- 
cine, and informed consent was obtained from all 
patients preoperatively. Forty-one (n = 41) ASA 
physical status I or II patients undergoing elective 
abdominal gynecologic surgery with continuous epi- 
dural anesthesia were randomly assigned to one of 
four patient treatment groups. Pregnancy, a history 
of drug abuse, major organ disease, age less than 
18 yr or greater than 65 yr, or weight less than 40 kg 
or greater than 110 kg were criteria for exclusion from 
the study. 

Patients were premedicated with 0.03-0.04 mg/kg 
IM midazolam. Anesthesia was provided via a lum- 
bar epidural catheter (L2-3, L3-4) using 2% lidocaine 
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with epinephrine (1:200,000). A sensory level of T1-4 
was achieved before the commencement of surgery. 
Intravenous benzodiazepine (0.02-0.04 mg/kg mida- 
zolam). was used for intraoperative sedation, and 
small doses of intravenous fentanyl (25-100 yg total 
dose) were used to blunt discomfort associated with 
upper abdominal exploration. Such medication was 
withheld within 30 min of the end of the surgery. 

At the conclusion of surgery, patients were trans- 
ferred to the postanesthesia care unit, where they 
were monitored by the staff and a research nurse 
obsérver specifically assigned to the patient. When 
analgesia was first requested, patients were given a 
single bolus of either 25 (group A), 40 (group B), 55 
(group C), or 70 ug (group D) of sufentanil via the 
epidural catheter over a 1-min period by a physician 
investigator. All study drugs were prepared and 
coded in advance by, an investigational pharmacist 
and diluted in normal saline to a volume of 10 mL. 

Pain intensity, vital signs, and level of sedation 
were assessed at the following times: before the 
administration of the study drug (baseline); at 5, 10, 
15, 30, 45, and 60 min after injection; at subsequent 
30-min intervals until additional pain medication was 
requested; and then at hourly intervals for the re- 
mainder of the 8-h study period. All patients received 
either intramuscular morphine sulfate or meperidine 
hydrochloride. Pain intensity was assessed using a 
visual analogue scale (10 cm VAS), anchored with 

“no pain” at 0 and “worst pain imaginable” at 10. 

The following variables were determined: 


1. The onset of analgesia defined as the time in 
miriutes from injection ‘of the study medication to 
the first reduction in pain intensity (VAS) of at 
least 1 cm on two consecutive evaluations. 

2. The time from study drug administration until a 
50% reduction from baseline VAS was achieved 
(T = 50%). 

. Time to the lowest VAS score (VAS nin): 

. Lowest VAS score (VAS nin): 

. MAXPID: the maximum pain intensity difference 
(VAS) from baseline over the 8-h observation 
period. 

6. The duration of analgesia defined as the time 
between onset of analgesia and either a return to 
baseline VAS or the time when additional pain 
medication was required (whichever occurred 
first). 

7. VAS pain scores when the patient received the 
study medication (VASpaseline) and VAS scores 
when the patient requested additional medication 
(VAS ena). 


The level of sedation was assessed using the fol- 
lowing scale: 0 = alert; 1 = drowsy, oriented; 2 = 
drowsy, disoriented; 3 = very drowsy, disoriented. 


GT # Go 
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Respiratory rate was continuously Be by an 
apnea monitor (Air Shields); and side effects includ- 
ing nauseä, vomiting, pruritus, and respiratory de- 
pression (respiratory rate < 10 breaths/min) were 
documented and treated as required. ` 

The amounts of intramuscular morphine and me- 
peridine administered to. the patient during the first 
24 h after the first request for additional pain. medi- 
cation were tabulated. Drug dosages were recorded 
in morphine equivalents (10 mg IM meperidine = 
1 mg IM morphine) to facilitate comparison. . 

Data are reported as mean + sD. Demographic 
variables and side- effects within the four treatment 
groups were compared simultaneously via analysis of 
variance for continuous. variables or the *-test for 
categorical variables. For baseline pain intensity, the 
four treatment groups were comparéd via one-way 
analysis of variance. For each computed parameter, 
the data were analyzed by analysis of covariance with 
baseline VAS as the covariate. Subsequently, pair- 
wise comparisons of the four treatment groups were 
carried out via individual t-tests on the least-squares 
(adjusted) means. Statistical tests with P-values of 
0.05 or less were considered significant. Based on the 
objectives of the study, there were only a small 
number of key pairwise comparisons. Thus, a Bon- 
ferroni correction of P-values was not applied. 


Results 


The four treatment groups were similar with respect 
to age, weight, height, and ASA physical status 
(Table 1). All patients were female ranging in age 
from 25 to 61 yr (mean 41 + 7) and in weight from 
44.6 to 102.2 kg (mean 65.3 + 12.2). All patients 
underwent gynecologic procedures and received hor- 
izontal lower abdominal incisions. There were no 
significant differences among the groups with regard 
to the amount of intraoperative midazolam or fenta- 
nyl administered, level of sedation, extent of residual 
sensory blockade at the time analgesia was re- 
quested, or VASpaseline- There was no difference be- 
tween groups with regard to the incidence of adverse 
effects (Table 2). All patients in groups B (40 ug), 
C (55 ug), and D (70 ug) achieved an excellent level of 
analgesia with VASmin Of 1 cm or less. Two individ- 
uals in group A did not report a VAS below 1 cm 
(Table 3). 

All four treatment groups exhibited a dose- 
response with respect to onset (Table 2). Treatment 
group A (25 ug) had an onset of analgesia signifi- 
cantly longer than either group C (55 ug) or group D 
(70 ug). A dose effect was also noted for time to the 
lowest VAS score (VAS,,;,,), with group D achieving 
maximum analgesia sooner than group A (P < 0.05). 

The four sufentanil groups also displayed a dose- 
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Sufentanil bolus Age 

Group (ug) (yr) 
A 25 42.2 + 6.32 
B 40 36.7 + 6.48 
C 55 42.4 + 7.85 
D 70 42.8 + 6.52 

P NS 


NS, not significant. 
Values are mean + sD. 
“Time from end of surgery until epidural administration of study drug. 


Table 2. Summary of Effectiveness: Time-Course 


Group A 
Parameter (25 ug) 
‘Onset time’ (min) 18.0 + 12.0° 
Time to 50% reduction from 18.0 + 12.0 
baseline (min) 
Time to lowest VAS min (min) 49.7 + 29.4° 
Duration of analgesia (min) 140 + 10.74 


Values are mean + sD. 


Time to drug 
Weight Height administration” 
(kg) (in) (min) 
64.6 + 7.97 64.3 + 2.14 67 + 26 
62.0 + 7.68 64.1 + 2.13 69 + 23 
67.1 + 15.66 63.1 + 1.61 80 + 39 
68.2 + 16.01 64.4 + 2.60 81 + 33 
NS NS NS 
Group B Group C Group D 
(40 ug) (55 ug) (70 ug) 
12.0 + 12.0 06 + 06 06 + 06 
18.0 + 12.0 12.0 + 6.0 12.0 + 6.0 
35.5 + 19.0 38.1 + 27.9 24.8 + 18.3 
161.5 + 18.5 208 + 21.1 224 + 14.7 


“Onset, time from injection to first reduction in pain intensity of at least 1 cm in two consecutive evaluations. 


’Significant difference between group A and groups C and D, P < 0.05. 


‘Significant difference between group A and group D, P < 0.05. 


‘Significant difference between group D and groups A and B and between group C and group A. 


Table 3. Summary of Effectiveness: Degree of Relief 


Group A GroupB GroupC Group D 
Baseline pain (25 ug) (40 ug) (55 ug) (70 ug) 
V ASpasetine 47 £20 2941.0 4041.7 50+2.4 
MAXPID” 3.9+22 40+10 42416 4241.2 
VAS min 0.4+07 03404 00+01 0.00.1 
Patients achieving 80 100 100 100 
VAS < 1 cm (%) 

VASenad 4.0 £7.3 4.9+20 4541.4 51+2.0 


All values except patients achieving VAS < 1 cm are mean + sp. 
*"MAXPID, maximum pain intensity difference (VAS) from baseline over 
the 8-h observation period (i.e., larger is better). 


response with respect to duration of analgesia. Group 
D had a significantly longer duration than groups A 
and B (P < 0.05). Group C also had a longer duration 
of analgesia when compared with group A. There 
was no difference in duration of analgesia between 
groups C and D. 

There were no intergroup differences in VAS pain 
scores at the time of request for additional analgesia 
(VASena). Twenty-four-hour parenteral narcotic re- 
quirements after request for additional analgesia 
were similar for all groups. Cumulative 24-h narcotic 
dosages were 38.8 + 20, 48.8 + 13, 46.5 + 23, and 
46.0 + 18 mg for groups A, B, C, and D, respectively. 

There were no significant differences between 
groups with regard to mean respiratory rate, which 


averaged 16.8 + 4, 18.2 + 3, 16.5 + 3, and 17.4 + 3, 
respectively, for groups A, B, C, and D. Likewise, there 
were no significant group differences in sedation, with 
47% , 48%, 39%, and 33% of patients in groups A, B, C, 
and D having a sedation score <1. As noted in Table 4, 
20 of 41 patients (49%) experienced at least one side 
effect. The incidence per dose was as follows: group A, 
36.4%; group B, 50%; group C, 50%; and group D, 60%. 
A single patient who received 70 yg of sufentanil 
suffered profound respiratory depression which oc- 
curred within 5 min of the epidural injection. This 
patient required tracheal intubation and ventilatory 
support until the narcotic effect was sufficiently inhib- 
ited by intravenous naloxone. The epidural catheter 
was removed and closely inspected, revealing blood 
within the distal 2 cm of the catheter. This finding 
suggests a high probability of an intravascular injection. 
This patient was removed from the study, and another 
patient was randomized to take her place. Trends 
suggestive of increased nausea, vomiting, and pruritus 
with increasing sufentanil dose did not reach statistical 
significance (Table 4). 


Discussion 


Epidural sufentanil provides analgesia of rapid onset 
after lower abdominal surgery. The rapidity, reliabil- 
ity, and marked level of pain relief achieved were 
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(over a 3-5-min period) after careful aspiration. A References 


clear occlusive dressing allows inspection of the epi- 
dural catheter as it exits the skin during aspiration. 
The rapid onset of sedation is an additional concern 
when higher doses of sufentanil are administered. 
Although marked sedation was not observed in any 
of the treatment groups, it is conceivable that the 
rapid increase in plasma levels and high potency of 
sufentanil might result in sedation of elderly or 
debilitated patients. 

The incidence of nausea that we report is somewhat 
higher than that reported by previous investigators 
(1-3,14). This is partially explained by the extended 
observation period during which time the patients 
received parenteral opioids. Although high lipid solu- 
bility presumably confers some protection from cen- 
trally mediated side eifects, rapid vascular. absorption 
and cephalad migration within the cerebrospinal fluid 
may have contributed to the nausea and vomiting 
observed. Although we detected no significant differ- 
ences in the overall incidence of side effects among the 
four treatment groups, the small number of patients 
within each group may have limited our ability to detect 
a dose-related increase in side effects. 

We conclude that sufentanil in a dose range of 
40-55 ug provides rapid onset of epidural analgesia. 
This lasted for 2.5-3.5 h in the present population of 
healthy patients recovering from intraabdominal sur- 
gery and thereby provides an interval for initiation of 
longer term analgesic therapy. In light of sufentanil’s 
high potency and rapid onset of action, this medication 
should be carefully administered under close observa- 
tion. 


We acknowledge Linda Preble, RN, Gina Revezi, RN, and Cathy 
Curran, RN, for their help with data. collection and analysis, and 
Jacki Fitzpatrick for her help in preparation of the manuscript. 
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Low Concentrations of Isoflurane Abolish Motor Evoked 
Responses to Transcranial Electrical Stimulation During 
Nitrous Oxide/Opioid Anesthesia in Humans 
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To study the feasibility of noninvasive monitoring of 
motor pathways in anesthetized patients, we evalu- 
ated the effect of isoflurane on motor evoked re- 
sponses to constant-voltage transcranial electrical 
‘stimulation (tc°-MERs). Reproducible tc*-MERs were 
recordable from the tibialis anterior muscle during 
nitrous oxide/opioid anesthesia in 11 patients. Before 
the introduction of isoflurane, tc*-MER onset latency 
was 30.8 + 1.9 ms, and amplitude ranged from 19 pV 
to 2.6 mV (median, 209 pV). Operating conditions 
necessitated neuromuscular blockade in three pa- 
tients before administration of isoflurane. In the 


St 


“false-negative” somatosensory evoked re- 

sponses (SSERs), techniques have been devel- 
oped in an attempt to permit reliable monitoring of 
motor pathways in anesthetized patients. Both trans- 
cranial electric and transcranial magnetic stimuli have 
been used successfully to elicit motor evoked re- 
sponses (MERs) during surgery (1,2). However, nu- 
merous anesthetics, including nitrous oxide (3), mi- 
dazolam (4), fentanyl (5), thiamylal sodium (6), and 
volatile anesthetics (7) produce pronounced depres- 
sion of MER amplitude. In particular, isoflurane is a 
potent depressant of motor evoked responses to 
transcranial electric stimulation (tc°-MER) in rats (7). 
If this latter observation is applicable in humans, it 
may be particularly relevant because a nitrous oxide/ 
opioid technique supplemented with low concentra- 
tions of isoflurane is commonly used for procedures 
in which SSERs are to be recorded. The same anes- 


Bz of concern regarding the possibility of 
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remaining eight patients, introduction of isoflurane 
in low concentrations resulted in an immediate in- 
crease in the latency and a decrease in the amplitude 
of tc°-MERs. The tc°-MERs were completely obliter- 
ated in all subjects at end-tidal isoflurane concentra- 
tions between 0.2% and 0.6% (median, 0.24%). After 
discontinuation of isoflurane, the tc°-MER returned 
in all patients. The authors conclude that, during 
nitrous oxide/opioid anesthesia, with the stimulus 
and recording variables used, isoflurane even at very 
low concentrations precludes recording of tc°-MERs. 

(Anesth Analg 1991;73:410-5) 


thetic might logically be considered if MERs were to 
be recorded in addition to SSERs. Accordingly, this 
study was undertaken to evaluate the effects of low 
concentrations of isoflurane on tc*-MERs in humans 
anesthetized with a nitrous oxide/opioid combina- 
tion. 


Methods 


The study was approved by the Human Subjects 
Committee of the University of California at San 
Diego. Written informed consent was obtained from 
11 patients scheduled to undergo orthopedic surgical 
procedures. Exclusion criteria included a history of 
epilepsy, psychiatric disorder, or the use of any drugs 
known to lower seizure thresholds, e.g., tricyclic 
antidepressants and phenothiazines. All patients 
were ASA physical status I or IJ and were between 26 
and 49 yr of age. Average height was 175 + 9 cm and 
weight 84 + 25 kg. 

All patients received 2-4 mg of intravenous mida- 
zolam 10-15 min before entering the operating room. 
Anesthesia was induced with 5 mg/kg of sodium 
thiamylal (n = 3), 2 mg/kg of propofol (n = 2), or 
0.3 mg/kg of etomidate (n = 6). Thirty seconds after » 
loss of consciousness, tc°-MERs were recorded in © 
triplicate (tc°-MERs were not recorded before induc- 
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tion of anesthesia). Thereafter, 1-1.5 mg/kg of succi- 
nylcholine was administered to facilitate tracheal in- 
tubation. No other muscle relaxants were given 
during the surgical procedure unless the operating 
conditions necessitated neuromuscular blockade. In 
that event, the patient was excluded from the remain- 
der of the study. An intravenous dose of 1 ug/kg of 
sufentanil or 10 ug/kg of fentanyl was administered 
before skin incision. Anesthesia was maintained with 
66% nitrous oxide in oxygen and sufentanil (n = 7) or 
fentanyl (n = 4) by continuous infusion (sufentanil, 
0.2-0.5 ug'kg™t-h7t; fentanyl, 2-3 ug kg’ -+h~+). All 
patients were mechanically ventilated using a semi- 
closed circle system and a fresh gas flow of 4 L/min. 
Ventilation was adjusted to maintain end-tidal CO, 
between 36 and 40 mm Hg. End-tidal isoflurane 
concentration was measured by mass spectrometry. 
At an interval of at least 30 min after induction of 
anesthesia, isoflurane was introduced at a dial setting 
of 0.5% with a fresh gas flow of 4 L/min. The in- 
spired isoflurane concentration was adjusted such 
that the end-tidal concentration increased gradually 
(~ 10 min) toward a value of 0.3%. The tc°-MERs 
were elicited in duplicate at intervals of 2 min during 
the washin. If a reproducible response was still 
recordable at an end-tidal isoflurane concentration of 
0.3%, the inspired isoflurane concentration was ad- 
justed upward to result in stepwise increments of 
end-tidal concentration of approximately 0.1% per 
5 min. After at least 30 min of isoflurane administra- 
tion, isoflurane was discontinued and the tc’-MERs 
were recorded at 2-min intervals during isoflurane 
washout. When signs of light anesthesia occurred, a 
bolus dose of the original drug used for induction of 
anesthesia (50% of the induction dose) was given. 

` Transcranial electrical stimuli were delivered to the 
scalp via silver-silver chloride electroencephalo- 
graphic disk electrodes with a diameter of 10 mm. 
The anode was placed at the vertex and the cathode 
was placed in the midline 7 cm anteriorly. Constant- 
voltage stimuli were delivered with a stimulator spe- 
cifically designed for transcranial electrical stimula- 
tion (Digitimer D180A; Digitimer Ltd., Welwyn 
Garden City, U.K.). This stimulator delivers single 
stimuli of up to 1200 V with a user-selectable time 
constant of 50 or 100 ys. In the present investigation, 
the 100-us time constant was used, and stimulus 
intensity was set at 50%-60% of maximum output 
(i.e., 600-750 V). Compound muscle action potentials 
to single stimuli were recorded from the left or right 
tibialis anterior muscle using Grass gold disk elec- 
trodes placed over the muscle in a belly/tendon 
fashion. The time base was 100 ms. Recordings were 
made with a Cadwell Quantum 84 evoked response 
analyzer (Cadwell Laboratories, Kennewick, Wash.). 
Amplifier gain was adjusted in accordance with the 
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amplitude of the compound muscle action potential 
signal to obtain maximum vertical resolution. The 
band pass filters (—3-dB roll-off) were. set at 10 and 
3000 Hz. The waveforms were stored on magnetic 
disk. Latency and amplitude were measured using 
electronic cursors. The latency was defined as the 
time to the onset (initial deflection) of the response. 
Amplitude was defined as the maximum peak-to- 
peak deflection. 

Latencies are presented as mean + sp. Compound 
muscle action, potential amplitudes were not nor- 
mally distributed and are therefore presented as 
medians and ranges. The following time points were 
compared: (A) 1 min after induction of anesthesia 
(but before administration of succinylcholiné and 
opioid); (B) during maintenance of anesthesia with 
nitrous oxide/opioid at least 20 min after intubation; 
(C) immediately before administration of isoflurane; 
(D) 5 min after the end-tidal isoflurane concentration 
reached 0.3%; (E) when the end-tidal isoflurane con- 
centration had been 0.0% for 1 min; and (F) when the 
end-tidal isoflurane concentration had been 0.0% for 
15 min. In addition, the end-tidal isoflurane concen- 
tration at the time of the first unrecordable tc*-MER 
was noted. 

Amplitude differences between the various time- 
points were compared nonparametrically using 
Friedman’s statistic. Latency data were compared 
using analysis of variance for repeated measures. A 
P-value less than 0.05 was considered significant. 


Results 


Reproducible tc°-MERs were recordable immediately 
after induction of anesthesia in the six patients who 
received etomidate. The tc°-MERs were not record- 
able immediately after induction of anesthesia in the 
two patients who received propofol and in one of the 
three patients who received thiamylal. However, in 
all patients, reproducible responses were subse- 
quently recordable during nitrous oxide/opioid anes- 
thesia (intervals B and C). In three patients a muscle 
relaxant was administered at the specific request of 
the surgeon because of difficulty in achieving access 
to the surgical field. Table 1 presents the individual 
mean tc*-MER amplitudes at the various intervals. At 
interval C, during maintenance of anesthesia with 
nitrous oxide/opioid before administration of isoflu- 
rane, the average latency of the first deflection of the 
tc“-MER was 30.8 + 1.9 ms and the median amplitude 
was 209 uV (range 19-2682 uV). There was consider- 
able variability in amplitude between subjects. For 
instance, during maintenance of anesthesia with ni- 
trous oxide/opioid (interval B), amplitude ranged 
from 46 to 2383 uV. Amplitudes were also extremely 
variable within some patients. In three of the eight 
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Table 1. Amplitudes in Microvolts of Intraoperative Motor Evoked Responses to Transcranial Electrical Stimulation 
During Nitrous Oxide/Opioid Anesthesia, Before, During, and After Administration of Isoflurane 


B 

Patient Induction A N_O/ 
No. agent Opioid Postinduction opioid 

1 P F 0 46 

2 T S 0 147 

3 E S 178 293 

4 E S 2500 2383 

5 T 5 234 52 

6 E S 278 185 

7 T S 343 53 

8 E F 362 83 

9 E F 1400 109 

10 P S 0 340 

11 E F 285 291 
Median 278 147 


Intervals“ 
E F 
C D 0.0% 0.0% No response 
N,O/ 0.3% isoflurane isoflurane —«ET-isoflurane? 
opioid isoflurane (i min) (15 min) (%) 
32 R R R R 
R R R R R 
291 > 0 0 221 0.20 
2682 0 1765 1546 0.27 
80 0 9 R 0.20 
413 0 45 27 0.21 
19 0 0 11 0.30 
64 R R R R 
127 0 0 84 0.20 
360 250 422 684 0.60 
387 0 ND ND 0.30 
209 0 0 127 


0.24 


P, propofol; T, thiamylal sodium; E, etomidate; F, fentanyl; S, sufentanil; R, muscle relaxant given; ND, no data. 
Intraoperative intervals: A, immediately after induction agent; B, during nitrous oxide/opioid infusion; C,’ during nitrous oxide/opioid infusion 
immediately before isoflurane administration; D, 5 min after end-tidal concentration reached 0.3%; E, 1 min after end-tidal isoflurane concentration reached 


0.0%; F, 15 min after end-tidal isoflurane concentration reached 0.0%. 


*End-tidal isoflurane concentration at which no motor evoked response could be recorded. 


patients, amplitude variability (expressed as the co- 
efficient of variation calculated over eight successive 
tc®-MER waveforms recorded at 2-min intervals) was 
gteater than 50% before introduction of isoflurane. 
There were no significant differences in amplitude or 
onset latency between the postinduction values (in- 
terval A) and those recorded either during mainte- 
nance of anesthesia with nitrous oxide/opioid (inter- 
val B) or before administration of isoflurane (interval 
C). Isoflurane was introduced before skin incision in 
two patients and after skin incision in the remaining 
six. Surgical stimulation was ongoing in all patients at 
the time the tc°-MER was lost. 

Introduction of isoflurane resulted in an immedi- 
ate decrease in tc*-MER amplitude in all patients. The 
tc*-MER was abolished at a median end-tidal isoflu- 
rane concentration of 0.24% (range 0.20%-0.60%). 
The amplitude of the tc°-MER before isoflurane ad- 
ministration bore no apparent relationship to the 
concentration at which the response was abolished. 
For instance, in the patient with the largest preiso- 
flurane tc°-MER amplitude (patient 4), the tc*-MER 
was unrecordable at an end-tidal isoflurane coricen- 
tration of 0.27%. Latencies were increased by 1-3 ms 
(P < 0.05) before the response was lost. After discon- 
tinuation of isoflurane, the tc°-MER returned in all 
patients. There are no tc°-MER data during isoflurane 
washout in patient 11 because discontinuation of 
isoflurane was not feasible. Figure 1 shows tc*-MER 
waveforms before, during, and after administration 
of isoflurane in patient 4, who had the largest ampli- 
tudes during maintenance of anesthesia with nitrous 
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Figure 1. Motor evoked responses to transcranial electrical stimu- 
lation in patient 4 during nitrous oxide/sufentanil anesthesia be- 
fore, during, and after administration of isoflurane (0.3% end- 
tidal). Duplicate waveforms are superimposed to show 
reproducibility, except during recovery (isoflurane concentrations 
0.19% and 0.02%) when only one waveform was recorded. 


oxide/sufentanil. Figure 2 shows the time-course of 
the end-tidal isoflurane concentration and tc*-MER 
amplitude changes in the same patient. In some 
patients there was apparent hysteresis in that the 
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Figure 2. Amplitude (xV) of motor evoked responses to transcranial electrical stimulation and end-tidal isoflurane concentration versus 


time in patient 4 during nitrous oxide/sufentanil anesthesia. 


tc°-MERs were of lower amplitude at a given end- 
tidal isoflurane concentration during washout than 
during washin, and the responses continued to re- 
cover even after the end-tidal concentration was zero. 


In patients 5 and 6, clinical signs of light anesthesia . 


after discontinuation of isoflurane were preceded by 
“giant” motor responses (a sudden threefold to five- 
fold amplitude increase as compared with the imme- 
diately preceding response). The effect of the supple- 
mentary bolus doses of the original induction agent 
was in general a small increase in tc°-MER latency 
and a substantial decrease in amplitude. For instance, 
in patient 4,. a 0.2-mg/kg bolus dose of etomidate 
decreased amplitude from 1546 to 390 uV (Figure 2). 

In patient 7, a bolus dose of 200 mg of a ia 
abolished the tc°-MER for 6 min. 


Discussion 


The results of the present investigation indicate that 
isoflurane is an extremely potent depressant of 
tc*-MER amplitude when superimposed on a back- 


-ground anesthetic of nitrous oxide combined with 
fentanyl or sufentanil. In four patients, the tc°-MER 


waveform was abolished at end-tidal isoflurane con- 
centrations of 0.2% or less. Haghighi et al. (7) studied 
the effects of increasing concentrations of isoflurane, 
enflurane, or halothane from 0.5% to 1.5% on the 
forelimb compound muscle action potential in re- 
sponse to direct electrical stimulation of the exposed 
motor cortex in rats anesthetized with fentanyl and 
droperidol. All volatile agents caused a progressive 
increase in onset latency and a decrease in peak-to- 
peak amplitude to less than 10% of baseline. Most of 


the amplitude depression occurred between 0% and 
0.5%. However, the response was recordable (23-103 


. pV) at 1.5% of either agent. The apparently greater 


sensitivity to the suppressant effects of isoflurane in 
our human subjects may be the result of additive 
effects of isoflurane and nitrous oxide, or may be due 
to differences in locus and intensity of stimulus. 

Neither the site nor the precise mechanisms of the 
effects of isoflurane on tc-MERs is known. There are 
several possibilities. Isoflurane may alter stimulus 
thresholds of the pyramidal cells in the motor cortex, 
influence axonal conduction along the corticospinal 
tract, reduce the responsivity of a-motor neurons in 
the anterior horn of the spinal cord, and/or decrease 
transmission along the peripheral nerve and through 
the myoneural junction. While the peripheral mech- 
anisms probably make at most minor contributions at 
low concentrations of isoflurane, the relevant central 
mechanisms have not been defined. 

There was probably already some degree of 
tc°-MER depression before the introduction of isoflu- 
rane. The patients in the present study had received 
midazolam, thiamylal, propofol, or etomidate and 
nitrous oxide with fentanyl or sufentanil before the 
tc°-MER recordings that preceded administration of 
isoflurane. In volunteers, a continuous infusion of 
midazolam, 0.3 mg-kg~*-h7’ for up to 30 min, caused 
a progressive decrease of the amplitude and duration 
of MER to transcranial magnetic stimulation (4). Ni- 
trous oxide depresses tc°-MER amplitude. Zentner et 
al. observed tc*-MER (hand area) amplitude reduc- 
tions to 9% of baseline values in healthy volunteers 
breathing 66% nitrous oxide (3). In the same study, 
the authors reported that during maintenance of 
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anesthesia with nitrous oxide and fentanyl, ampli- 
tudes of tc°-MER from the anterior tibial muscles were 
reduced to an average of 7% of the awake baseline 
values, which ranged from 600 uV to 3.6 mV. The 
foregoing information, though incomplete, indicates 
that anesthetics have varied and substantial influences 
on tc-MERs. Accordingly, tc’-MERs might have been 
recordable at greater end-tidal concentrations of isoflu- 
rane if the background anesthesia had been accom- 
plished with other anesthetics. 

Our findings may have considerable clinical signif- 
icance. Isoflurane, in concentrations up to 0.5%, is 
commonly used to supplement an opioid/nitrous 
oxide-based anesthetic technique in order to reduce 
opioid requirements and to prevent intraoperative 
awareness. This regimen, with minor variations, is 
among the most commonly used anesthetic tech- 
niques in the United States today and is widely 
employed when SSER recording is performed. How- 
ever, the present data suggest that the suppressive 
effect of isoflurane on MERs is probably much greater 
than its effect on SSERs. It has been demonstrated 
that in neurologically intact patients, end-tidal con- 
centrations of 0.5 MAC halothane, enflurane, or 
isoflurane (each in 60% nitrous oxide) are compatible 
with effective SSER monitoring (8,9). Although reli- 
able SSER monitoring is possible when isoflurane is 
used in these concentrations, our results suggest that 
intraoperative tc*-MER monitoring will be impossible 
when even low concentrations of isoflurane are used 
to supplement opioid/nitrous oxide anesthesia. 

As transcranial electrical stimulation is uncomfort- 
able, we did not attempt to record awake baseline 
tc*-MERs. Therefore no conclusions with respect to 
the effects of the drugs used for induction of anes- 
thesia can be drawn from the immediate postinduc- 
tion values. However, our very limited experience 
with responses to intravenous bolus administration 
of thiamylal, propofol, and etomidate suggests that 
intraoperative tc°-MER amplitude may be better pre- 
served after etomidate than after propofol or thiamy- 
lal. There have been no other comparisons of the 
effects of these agents on tc*-MERs. However, re- 
peated doses of etomidate produced only mild reduc- 
tion of amplitude (up to 50%) of tc-MERs to magnetic 
transcranial stimulation (tc’°®-MERs) in monkeys 
(10), whereas thiamylal produced severe depression 
(6). Etomidate is unique among anesthetics in that its 
administration is associated with an increase in the 
amplitude of cortical SSERs (11). Given the inevitable 
differences in the neural pathways involved in SSERs 
and MERs, it should not be assumed that etomidate 
will also be more suitable for use when MER record- 
ing is performed. However, our nonsystematic expe- 
rience with etomidate in the present investigation 
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suggests that this possibility is worthy of more de- 
tailed evaluation. 

Several factors influence the amplitudes of tc- 
MERs in awake subjects and may have contributed to 
the substantial amplitude variability that was ob- 
served. Voluntary contraction of the muscle studied 
may dramatically “facilitate” (i.e., increase the ampli- 
tude of) both tcf- and tc™*5-MERs (12,13). Facilitation 
of tc-MERs has even been observed in muscles in the 
period immediately preceding the onset of voluntary 
contraction (14) and after prior somatosensory (15) or 
mechanical stimuli (16). The large variability between 
successive responses observed in some of our pa- 
tients is unlike the relative constancy of SSERs during 
steady-state anesthesia and may make interpretation 
of MERs somewhat more difficult. In particular, our 
observation that a sudden threefold to fivefold in- 
crease of tc®-MER amplitude may occur as a result of 
light anesthesia suggests that facilitation of tc°-MER 
may also occur in “anesthetized” patients and may 
complicate interpretation of amplitude changes. The 
practical consequence of this inherent tc°-MER ampli- 
tude variability is that the generally accepted criteria 
for critical alteration during SSER monitoring, e.g., a 
50% decrease in amplitude, will not be applied to 
tc°-MERs unless intraoperative variability can be re- 
duced. 

In the present investigation, tc°-MER to single 
stimuli were recorded. Zentner et al. (3), who ob- 
served considerable depression of tc*-MER during 
anesthesia with nitrous oxide and fentanyl, sug- 
gested that averaging 5-15 responses might improve 
intraoperative recordability. In our patients, during 
maintenance of anesthesia with nitrous oxide/opioid, 
tc°-MER amplitudes ranged from 19 aV to more than 
2.5 mV. As a result, the signal-to-noise ratio was 
such that, before the introduction of isoflurane, sig- 
nal averaging was unnecessary. Averaging several 
tc°-MER to single stimuli might have resulted in the 
ability to identify responses at isoflurane concentra- 
tions at which they were undetectable after single 
stimuli. However, the apparent dose-response rela- 
tionship between isoflurane concentration and ampli- 
tude was sufficiently “steep” that it seems unlikely 
that detectable responses could have been present at 
concentrations appreciably higher than the limits we 
observed. There is an additional consideration. The 
single stimulus technique serves to minimize the total 
number of stimuli delivered to the patient intraoper- 
atively. Although no adverse effects of repeated elec- 
trical or magnetic transcranial stimulation have been 
reported to date (17-20), the total number of stimuli 
delivered intraoperatively should be limited pending 
a more long-term experience. 

We conclude that tc°-MERs can be recorded readily 
during anesthesia with nitrous oxide and either 
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fentanyl or sufentanil. However, the addition of 
isoflurane in expired concentrations of 0.2%-0.3% is 
sufficient to completely abolish tc°-MER waveforms 
in the majority of patients. The results indicate that 
isoflurane supplementation of nitrous oxide/opioid 
anesthesia is incompatible with the intraoperative 
monitoring of tc°-MEKs with the techniques used in 
the present study. 
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A Comparison of Cerebral Blood Flow Reactivity to CO, 
During Halothane Versus Isoflurane Anesthesia for 
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The effects of isoflurane or halothane on cerebral 
blood flow (CBF) reactivity to changes in arterial 
carbon dioxide tension (Paco,) during carotid endar- 
terectomy were compared using the intravenous 
method of '**Xe-CBF determination. Patients, aged 
65 + 3 yr (mean + sx), received O, and N,O (1:1) and 
either 0.75% isoflurane (n = 7) or 0.5% halothane (n = 
7). Patient demographic and clinical data were similar 
for both groups and followed the expected strata of 
patients with ischemic cerebrovascular disease. Mea- 
surements were made during the period of tempo- 
rary bypass shunting. In the isoflurane group, in- 
creasing Paco, from 33.3 + 1.4 to 43.4 + 1.3 mm Hg 
resulted in a significant (P < 0.05) increase in CBF 


the cerebral circulation to changes in arterial 

carbon dioxide tension (Paco,) may have impli- 
cations for the acute intraoperative management of 
cerebral ischemia (1). There may be some benefit in 
the application of hypocarbia in the setting of focal 
cerebral ischemia, presumably on the basis of an 
“inverse steal” phenomenon, but the issue is contro- 
versial (1). Based on animal studies (2,3), isoflurane 
and halothane may have different effects on cere- 
brovascular reactivity to CO,. If isoflurane results in a 
greater degree of CO, reactivity than halothane does, 
this could be a theoretical consideration favoring its 
use in the setting of focal cerebral ischemia. It would 
be useful to know if this difference is apparent in the 
usual range of anesthetic concentrations and Paco, 


j | The effect of anesthetic agents on the response of 
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from 21 + 1 to 35 + 4 mL:100 g~'-min™’. In the 
halothane group, increasing Paco, from 31.1 + 1 to 
39.4 + 1.6 mm Hg resulted in a significant increase in 
CBF from 26 + 3 to 37 + 3 mL-100 g~'-min7*. Mean 
CBF reactivity to changes in Paco, (mL-100 g+- 
min™'-mm Hg+) was 1.74 + 0.39 for isoflurane and 
1.78 + 0.4 for halothane (not significant), correspond- 
ing to a relative change of 4.8% + 0.8% and 5.2% + 
1.3% per mm Hg, respectively. There is no significant 
difference between halothane and isoflurane in their 
effects on CO, reactivity in the mildly hypocapnic to 
normocapnic range. 

(Anesth Analg 1991;73:416-21) 


levels used in patients undergoing carotid endarter- 
ectomy, an operation that entails an appreciable risk 
of cerebral ischemic complications. This study was 
undertaken to compare cerebral blood flow (CBF) 
reactivity to changes in Paco, during halothane or 
isoflurane anesthesia in the presence of N,O and O}. 


Methods 


After institutional approval, informed consent was ob- 
tained from patients scheduled to undergo elective 
carotid endarterectomy. All patients received a stan- 
dard premedication of atropine (0.4 mg) and diazepam 
(10 mg). Anesthesia was induced with midazolam 
(0.04 mg/kg) and thiopental (4 mg/kg), with tracheal 
intubation facilitated by vecuronium (0.1-0.2 mg/kg). 
Patients were randomly assigned on an alternating 
basis to receive either 0.75% isoflurane (inspired con- 
centration) in 1:1 N,O/O, (n = 7) or halothane, 0.5% in 
1:1 N,O/O, (n = 7). Monitoring included the use of a 
radial artery catheter for arterial blood pressure mea- 
surement and blood gas analysis, a temperature probe, 
a capnograph, and a pulse oximeter. After arteriotomy, 
all patients had a temporary indwelling carotid shunt 
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Table 1. Study Population Characteristics 


Isoflurane Halothane 

| (n = 7) (n = 7) 
Age (yr) 65 +5 68 + 3 
Sex (female/male) 4/3 5/2 
Site (left/right) 2/5 4/3 
Risk group (high/low) 5/2 4/3 
Hypertension 717 5/7 
Diabetes mellitus 2/7 2/7 
Coronary artery disease 2/7 2/7 
Prior cerebrovascular accident 3/7 3/7 


Al differences are not significant. Age expressed as mean + sE. Risk 
groups refer to the system described by Sundt et al. (9). High-risk patients 
were in the Sundt et al. groups 3 and 4 and low-risk patients were in Sundt 
et al. groups 1 and 2, 


inserted. Approximately 10 min after reestablishment 
of carotid blood flow following shunt insertion, a base- 
line CBF measurement was obtained (Cerebrograph 
10a, Novo Diagnostic Systems, Bagsvaerd, Denmark) 
as previously described (4-6). Briefly, 10-20 mCi of 
133Xe in sterile saline solution was injected intrave- 
nously. A small plastic catheter was present in the 
endotracheal tube for sampling of end-tidal gas to 
determine tracer activity, and the resultant air activity 
curve was used to deconvolute the head curves and to 
correct for recirculation of tracer. Clearance was re- 
corded for 11 min. The end-tidal CO, tension (PETco,) 
was then increased 10 mm Hg by addition of CO, to the 
inspired gas mixture. After 10 min at a stable Prrco, 
level (during which time residual remaining Xe ac- 
tivity was registered from the head detectors), CBF was 
again measured. The Perco, levels were verified by 
arterial blood gas determination for Paco,. The two 
measurements at different levels of Paco, were used to 
calculate CBF reactivity. The CBF data are expressed as 
the Initial Slope Index in mL-100 g~*-min~? assuming a 
xenon blood-brain partition coefficient of unity for the 
perfused tissue (7,8). The mean of the 10 CBF detectors 
covering both middle cerebral artery supply territories 
was taken as an index of global CBF. The global CBF 
reactivity to CO, was calculated as both the absolute 
increases in CBF in per millimeter of mercury—change in 
Paco, (mL-100 g~*-min~*-mm Hg~') and the percent- 
age increase in CBF per millimeter of mercury increase 
in Paco,, 

Using the grading system described by Sundt et al. 
(9), patients were categorized into four preoperative 
risk groups based on angiographic findings, neuro- 
logic status, and general health: groups 1 and 2 were 
considered low risk, and groups 3 and 4 were con- 
sidered high risk (Table 1). 

Data were compared using two-way repeated mea- 
sures analysis of variance (ANOVA) with anesthetic 
agent as the between-group factor and with CBF 
before and after CO, challenge as the repeated with- 
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in-group measure. If there were significant differ- 
ences, post hoc testing was done using the Fisher 
protected least significant differences test. Nonpara- 
metric data were compared using contingency 
analysis. The threshold for significance was taken as 
P < 0.05. All results are expressed as mean + SE. 


Results 


The anesthetic groups appeared to be equivalent with 
respect to preexisting medical and neurologic condi- 
tion. Demographic data are presented in Table 1; by 
xX analysis there was no difference between anesthetic 
groups. One patient in the isoflurane group emerged 
from the anesthetized state with mild aphasia and 
hemiparesis that resolved by the next day. Global CBF 
and other physiologic results are summarized in Table 
2. There were no differences between physiologic var- 
iables between anesthetic groups at either baseline or 
CO, challenge except for hemogiobin concentration, 
which was significantly lower for the halothane group. 
Between baseline and CO, challenge conditions, there 
were no differences in variables except for Paco,, 
PETCO,, and CBF, which were significantly higher dur- 
ing addition of CO, to the inspired gas mixture. Al- 
though baseline CBF tended to be higher for halothane, 
it did not achieve statistical significance. Mean CBF 
reactivity to changes in Paco, (mL-100 g~*-min™*-mm 
Hg *) was 1.74 + 0.39 for isoflurane and 1.78 + 0.40 for 
halothane. These values correspond to a relative 
change of 4.8 + 0.8 and 5.2 + 1.3 % change/mm Hg, 
respectively. There was a trend for CBF and cerebrovas- 
cular reactivity to CO, to be greater in the low-risk 
versus high-risk groups, but this did not reach signifi- 
cance (6.1 + 1.7 versus 4.0 + 0.8 % change/mm Hg). 


Discussion 


In this study we have shown that, within the range of 
Paco, commonly used during anesthetic manage- 
ment of carotid endarterectomy, there is little differ- 
ence between isoflurane and halothane in global CBF 
reactivity to changes in CO, tension. Given the small 
sample size in each group (n = 7), consideration of 
the power of our negative findings is relevant. Even 
the small differences in CO, reactivity that we ob- 
served between isoflurane and halothane may 
achieve statistical significance with sufficiently large 
sample sizes. If means and variances remain largely 
unchanged, CO, reactivity during isoflurane anesthe- 
sia would be significantly lower in absolute terms if 
both samples had about 550 patients, whereas rela- 
tive reactivity would achieve significance at a sample 
size of about 40. However, it was our aim to investi- 
gate clinically meaningful differences, and the small 
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Table 2. Physiologic Variables for Isoflurane and Halothane During Baseline and After CO, Challenge 
Baseline CO, challenge 
Isoflurane Halothane Isoflurane Halothane 
(n = 7) (n = 7) (n = 7) (n= 7) 
CBF (mL-100 g~!-min7?) 21 +1 26 +3 35 + 4° 37 23" 
Mean arterial pressure (mm Hg) 105 + 7 102 + 4 94+ 5 97 += 5 
pH 7.45 + 0.02 7.48 + 0.01 7.39 + 0.02? 7.40 + 0.02" 
Paco, (mm Hg) 33.3 + 1.4 31.11 43.4 + 1.3° 39.4 + 1.67 
PETco, (mm Hg) 251 25 +1 34 + 1° 34 + 2? 
Pao, (mm Hg) 196 + 20 216 + 13 194 + 11 202 + 20 
Hemoglobin (mg/dL) 14.0 + 0.8 11.4 + 0.8? 13.9 + 0.8 11.5 + 0.7? 
Temperature (°C) 35.5 + 0.2 35.7 + 0.2 35.7 + 0.1 35.8 + 0.1 
Slope of CBF response 1.74 + 0.39 1.78 + 0.40 
(mL-100 g™?-min™'-mm Hg~?) 
% Change in CBF (%/mm Hg) 4.8 + 0.8 52213 


CBF, cerebral blood flow; Paco., arterial CO, tension; Perco, end-tidal CO, tension; Pao, arterial O, tension. 


"Significantly different from baseline. 
*Significantly different from isoflurane. 


effects observed here should not affect practical man- 
agement of Paco, regardless of statistical signifi- 
cance. 

Using intraarterial Xe washout in the cat (2) and 
using hydrogen clearance in the rabbit (3), isoflurane 
enhanced CO, responsiveness compared with halo- 
thane. However, in a canine venous outflow prepara- 
tion using 1 MAC (1.4%) isoflurane, the CBF response 
slope of between 30 and 40 mm Hg was approximately 
2 mL-100 g~'-min™'-mm Hg? and there appeared to 
be no quantitative difference between this slope and 
previous studies of halothane by the same group (10). 
McPherson et al. (11) demonstrated a similar slope in 
the dog using the microsphere method for CBF deter- 
mination under identical anesthetic conditions. 

There have been no previous comparisons be- 
tween isoflurane and halothane CBF reactivity to CO, 
in humans, but our values compare favorably with 
other separate reports in humans receiving one agent 
or the other. These data have been compared in Table 
3 and Figure 1, which illustrate that several different 
studies of either isoflurane or halothane, using dif- 
ferent methodologies, yield quantitatively similar 
slopes of the CO, response line. 

The choice of anesthetic agent for use during an 
operation that entails risk of cerebral ischemia re- 
mains a debated topic. In animal investigations, no 
difference exists between isoflurane and halothane 
with regard to cerebral protection using neurologic 
outcome as an endpoint after middle cerebral artery 
occlusion (12) or after unilateral carotid occlusion and 
hypotension (13). However, in retrospective clinical 
studies that examine the incidence of cerebral isch- 
emia during carotid occlusion, the use of isoflurane 
has been associated with fewer ischemic electroen- 
cephalographic changes than halothane (14,15). 


These studies suggest that the blood flow threshold, 
below which cerebral ischemia develops, is lower for 
isoflurane than for halothane. Although halothane is 
a vasodilator relative to isoflurane in humans under- 
going carotid endarterectomy in the presence of N,O 
(4,14), there is no significant difference in its effect on 
cerebral metabolic rate for oxygen (4). Therefore, one 
could speculate that the mechanism of the observed 
electrophysiologic differences between the two 
agents resulting in different frequencies of cerebral 
ischemia may be related primarily to cerebrovascular 
effects, i.e., halothane may induce a greater degree of 
“cerebral steal.” 

Differences in CBF reactivity to CO, may have 
importance concerning the relative ability of different 
anesthetic regimens to influence the outcome from 
cerebral ischemia by hemodynamic mechanisms, i.e., 
inverse or “Robin Hood” steal, as recently reviewed 
by Artru and Merriman (1). The animal studies are 
few and contradictory (16-18). In humans undergo- 
ing endarterectomy, hypocapnia is capable of pro- 
ducing an increase in carotid back-pressure compared 
with normocapnia (19,20). Although not achieving 
statistical significance, hypocapnia has been associ- 
ated with a trend for improved outcome at little 
additional risk to the patient during carotid endarter- 
ectomy (19,21) and to patients suffering thromboem- 
bolic stroke (22). Most important, it appears that the 
acute institution of hypocapnia in the setting of new 
cerebral ischemia during carotid endarterectomy may 
be associated with electroencephalographic signs of 
improved cerebral perfusion (1). 

Although the absolute measured values for CBF in 
the halothane group tended to be higher than in the 
isoflurane group, this did not achieve statistical sig- 
nificance. That halothane did not result in higher CBF 
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Table 3. Summary of Studies Examining CO, Reactivity in Humans During General Anesthesia 









Study Population n CBF method Anesthesia Notes 
Wollman et al. (28) Normal. 13 Kety-Schmidt 1.2% halothane in O, See Figure 1 
McHenry et al. Normal ‘8 Kety-Schmidt 1.0% halothane in 1:1 CO, response slope of 1.84 
(29) N,O/O0, (mL-100 g~?-min7?-mm 
Hg~*) (not shown in 
Figure 1) 
Waltz et al. (30) Carotid endarterectomy 5 Intracarotid Halothane in N,O/O, See Figure 1 
133Xe One patient had recent 
onset of severe 
neurologic deficit with a 
decrease in CBF during 
CO, challenge and data 
not included in Figure 1 
Madsen et al. (31) Craniotomy for tumor 7 Kety-Schmidt/A 0.75% isoflurane in See Figure 1 
AVDO’ 3:2 N,O/O, Relative CO, reactivity 
of 4.4 + 1.0% change/ 
mm Hg and hypocapnic 
values in Figure 1 are 
extrapolated — 
Madsen et al. (32) Craniotomy for tumor 7 Kety-Schmidt/A 0.45% halothane in Relative CO, reactivity of 
AVDO,’ 3:2 N,O/O, 5.1%, but did not report 
the actual range of CO, 
tested (not shown in 
Figure 1) 
Young et al. (6) Carotid endarterectomy 7 IV *°Xe 0.75% isoflurane in See Figure 1 
1:1 N,O/O, 
Young et al. (33) Normal 7 IV Xe 0.75% isoflurane in See Figure 1 
3:2 N,O/0, 7 
Young et al. (33) Craniotomy for 26 IV'Xe 0.75% isoflurane in See Figure 1 
arteriovenous 3:2 N,O/O, 
malformation 
resection 
CBF, cerebral blood flow; IV, intravenous. 
“Change in arteriovenous difference in oxygen content. 
values in the present study, in contradistinction to 
previous studies in humans (4,14,23), may be due to 2 
insufficient statistical power in the small sample size é 
in this study and to a slightly different range of Paco, : 
tested for each agent. There was also an unexpected i ‘| 
significant difference between hemoglobin concentra- 50 r 
tions of the two groups, with the concentration of the E ra Ẹ 
halothane group being significantly lower than that Be aj. Á : 
of the isoflurane group. However, this.would have iB $ TEA Š 
the effect of overestimating the real difference i in CBF i} 30 | Š 1 we : 
a 2 ° 
= š 


between anesthetic ‘groups. 

Hansen et al. (24)-have recently supped that the 
differing effects of halothane and isoflurane on CBF 
previously. reported are in part due to the method of 
measurement. They proposed that methods that 
measure only cortical flow will show a marked differ- 
ence in CBF between the two agents, whereas whole- 
brain-weighted measures will not. This may be due 
to the preferential vasodilation in cortical versus 
subcortical regions found with halothane, at least in 
the rat. In a further study, Hansen et al. (25) attrib- 
uted this difference to a ‘selective effect of isoflurane 
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Figure 1. Comparison of cerebrovascular reactivity to CO, in 
selected human studies (see Table 3). The solid lines represent 
isoflurane and the dashed lines represent halothane. The results of 
the present study are indicated by the unlabeled open circles. Error 
bars represent sE. See Table 3 for further explanation. 
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to depress cortical metabolism. Although the intrave- 
nous method of *°Xe-CBF determination preferen- 
tially looks at cortical blood flow, the use of the Initial 
Slope Index during lower flow states (such as during 
general anesthesia) does include washout from deeper, 
lower flow structures (5,8). The site and method of 
measurement will also influence the reported CO, 
reactivity (26). In the rat, however, halothane increases 
cortical flow relative to isoflurane, but cortical CO, 
reactivity is the same for both agents (27). 

We conciude that in elderly patients undergoing 
carotid endarterectomy there is no significant differ- 
ence in the effects of relatively low concentrations of 
halothane or isoflurane in NO, on CO, reactivity in 
the range studied. Therefore, we cannot recommend 
the preferential use of halothane or isoflurane for 
anesthetic management during carotid endarterec- 
tomy on this basis. With the exception of halothane in 
N,O resulting in higher baseline CBF values (4), it 
appears that the cerebral metabolic rate of oxygen 
and cerebrovascular reactivity are similar for isoflu- 
rane, halothane, and narcotic anesthetic regimens 
that include N30 (4,6). In the absence of any clear-cut 
neuroprotective effects for any particular anesthetic 
technique, it seems reasonable to not avoid use of any 
one of them if there is some concern about systemic 
cardiovascular effects, e.g., tachycardia in a patient 
with symptomatic angina pectoris given isoflurane 
anesthesia. This is especially pertinent to the patient 
undergoing carotid endarterectomy because of the 
high incidence of concomitant coronary arterioscle- 
rotic disease. 
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ORIGINAL ARTICLES 


Respiratory Function and Ribcage Contribution to 
Ventilation in Body Positions Commonly Used 


During Anesthesia 


Andrew B. Lumb, MB, BS, FCAnaes, and John F. Nunn, MD, PhD, FFARCS 


Division of Anaesthesia, Clinical Research Centre, Middlesex, England 


Lung function tests are normally performed in the 
upright position, whereas anesthesia is usually ad- 
ministered with the patient in the supine position, 
and occasionally in other postures. We therefore 
compared forced vital capacity (FVC), forced expira- 
tory vclume in 1 s (FEV), functional residual capacity 
(FRC), and ribcage contribution to ventilation by 
respiratory inductive plethysmography in 13 con- 
scious healthy male volunteers, sitting and in four 
horizontal positions used during anesthesia. Forced 
vital capacity and FEV, were similar in all positions, 
except for a significant mean increase in FVC of 
300 mL (sp 213) when sitting compared with when 
supine (P < 0.001). The mean decrease in FRC was 
806 mL (sp 293) between the sitting and supine 
positions (P < 0.001). A significant increase in FRC 
occurred (252 mL, sp 329, P < 0.01) when supine 


hereas preoperative lung function tests are 
f\/ usually performed in the upright position, 
| most anesthesia is administered to supine 
patients, and to a lesser extent to patients in the prone 
and lateral positions. For example, in thoracic anesthe- 
sia the lateral position is very common and the lung 
function of the patients is often poor. Also of interest is 
the supine position with the arms raised above the 
head. We do not know of this position being used in 
routine anesthesia, but it is essential in studies of 
anesthesia on the respiratory system that include com- 
puted tomography (CT) scanning of the chest (1). 

The average contribution of the ribcage (RC) to 
total ventilation decreases from 60% to 35% on lying 
down (2), probably due to increased fiber length of 
the diaphragm which results in a stronger contrac- 
tion. Assessment of RC contribution by measurement 
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subjects raised their arms above their heads as re- 
quired for computed tomography. Functional resid- 
ual capacity in the prone and lateral positions was 
significantly larger than in the supine position (mean 
change 350 mL, P < 0.001), but was still some 450 mL 
less than in the sitting position. Mean ribcage contri- 
bution was similar in all horizontal positions (32%-— 
36%), whereas supine values were significantly dif- 
ferent from those of the sitting position (mean 70%, 
sp 11, P < 0.001). In conclusion, the various horizon- 
tal postures studied have no effect on FVC, FEV,, or 
ribcage contribution to ventilation. However, FRC in 
the prone, lateral, and arms-up positions is on aver- 
age 250 mL larger than in the supine position, an 
observation that may affect gas exchange during 
anesthesia in these positions. 

(Anesth Analg 1991;73:422-6) 


of cross-sectional areas of the chest and abdomen has 
not previously been performed in positions such as 
the prone and lateral ones. This may provide more 
accurate ‘results than measuring anteroposterior or 
lateral diameters because of the body cavity distortion 
that may occur in these positions. 

Functional residual capacity (FRC) has been stud- 
ied in many positions, including the prone position 
(3), but not in the lateral and arms-up positions. 
Similarly, though vital capacity has been studied in 
postures such as sitting, supine, and prone (3), there 
is a paucity of information on the effect of posture on 
“bedside” lung function tests such as forced vital 
capacity (FVC) and forced expiratory volume in 1 s 
(FEV,). We therefore studied respiratory function 
including FRC and the RC contribution to ventilation 
in these different positions using awake volunteers. 


Methods 


Thirteen healthy male subjects were studied with 
their informed consent after approval had been ob- 
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Table 1. Subject Data 


Age Height Weight 
Subject (yr) (cm) (kg) 
1 64 170 68 
2 27 178 72 
3 27 188 67 
4 51 169 64 
5 34 183 72 
6 28 185 70 
7 27 192 86 
8 24 180 67 
9 27 169 68 
10 28 174 67 
11 35 185 67 
12 28 183 94 
13 44 182 76 
Mean 34.1 179.8 72.1 
SD 11.8 7.1 8.3 
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Sitting 

FVC (Lerps) FEV, (errs) FRC (Lgrps) MRC 
3.85 2.31 2.56 88 
JP 4.64 4.16 67 
6.08 4.48 3.92 66 
4.86 4.10 2.55 74 
4.91 4.46 2.20 87 
4.15 3.73 3.11 66 
5.94 2.98 3.96 57 
4.90 4.25 2.30 59 
3.96 3.32 1.72 66 
3.97 3.91 1.56 77 
6.09 2.77 3.21 58 
6.08 4.66 2.40 81 
4.56 3.62 4.17 61 
5.01 3.79 2.91 69.7 
0.89 0.76 0.92 10.6 


BTPS, converted to body temperature and pressure saturated; FEV,, forced expiratory volume in 1 s; FRC, functional residual capacity; FVC, forced vital 


capacity; %RC, percentage contribution of ribcage to ventilation. 


tained from the local ethical committee. The subjects 
had no history of respiratory disease and were not 
obese (obesity defined as a body mass index of >29). 
All were staff members of the hospital or research 
departments of anesthesia and so were familiar with 
breathing through a mouthpiece, but only three were 
familiar with the aims of the study. Their physical 
characteristics are shown in Table 1. 

Each subject was studied in the morning at least 
2 h after consuming a light breakfast without bever- 
ages containing stimulants. Throughout the study 
the subjects were distracted by headphones playing 
music of their choice. 

All ventilatory measurements were made with a 
valveless closed circle system (Figure 1) incorporating 
a circulating fan (35 L/min) and an 8-L wet spirome- 
ter. The subject could be connected to the circuit with 
the tap open either to room air or the spirometer. Gas 
was continuously sampled at 500 mL/min from the 
inspiratory limb and returned to the circuit via a 
katharometer to measure the helium concentration 
and a paramagnetic oxygen analyzer. The katharom- 
eter displayed the helium concentration digitally and 
was corrected for changes in the oxygen concentra- 
tion before each reading. 

Forced vital capacity and FEV, were measured by 
instructing the subjects to breathe in to total lung 
capacity and then perform a forced expiration to 
residual volume. Subjects unfamiliar with this tech- 
nique practiced in the sitting position before the 
study until consistent values were obtained. The 
maneuver was then undertaken once in each posi- 
tion, allowing the FVC and FEV, to be read from the 
spirometer. Functional residual capacity was mea- 
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Figure 1. Apparatus used for measurement of FRC. 


sured with a closed-circuit helium dilution method 
(4), all measurements being carried out in 40%-50% 
oxygen and 8%-12% helium in nitrogen. 
Partitioning of ventilation into RC and abdomen- 
diaphragm components was by respiratory inductive 
plethysmography (RIP) (5-7). The RIP system con- 
sists of two elastic belts approximately 8-10 cm wide 
placed around the chest and abdomen and secured to 
the subject using adhesive tape. Each belt contains a 
zig-zag-patterned single loop of wire through which 
an alternating current at 1 MHz is passed. Self- 
inductance of the wire is continuously measured and 
is proportional to the cross-sectional area within the 
belt (5). In this study, calibration was by the first 
stage of the isovolume technique, which is the pre- 
ferred method when RC partitioning is required (8). 
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Figure 2. Example of RIP signals in different positions (subject 4). 


The RC and abdomen signals are displayed on a 
paper chart recorder (Figure 2). 

Each subject was studied in five positions in ran- 
dom order. These positions were sitting with arms 
resting on the chair arms, supine with arms by the 
side, supine with both arms above the head, prone 
with one arm by the side and one arm in front, and 
left lateral with the right arm by the side and left arm 
in front (Figure 2). In each position the following 
protocol was followed: 


1. Calibration of the RIP by the isovolume maneuver 

2. “Run-in” period with no mouthpiece until regular 
respiration returned 

3. Recording of RIP signals for 1 min with no mouth- 
piece, allowing the subjects to breathe via their 
natural airway 

4. Mouthpiece and noseclip applied and a further 
run-in period allowed while breathing air 

5. Recording of RIP signals with mouthpiece/ 
noseclip 

6. Subject connected to spirometer and FRC mea- 
sured 

7. A forced vital capacity maneuver performed. 


All spirometer volumes were converted to body 
temperature and pressure saturated, and the average 
contribution of the RC to tidal volume for each period 
was calculated as a percentage of total tidal volume 
(%RC). 

Data were analyzed by two-way analysis of vari- 
ance except for the %RC data, which were pooled for 
all positions to compare data with and without a 
mouthpiece/noseclip using a paired t-test. Compari- 
sons of %RC between different positions were made 
using the data obtained without the mouthpiece and 
noseclip. All comparisons between positions were 
made in the supine posture, which is the most 
relevant to anesthetic practice. 


Results 


Forced vital capacity and FRC for the individual 
subjects while seated were all within the normal 
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range (Table 1). There was a significant decrease in 
FVC when the subject was supine compared with 
when sitting (P < 0.001), individual changes ranging 
from an increase of 51 mL to a decrease of 645 mL 
with a mean difference of 300 mL (sp 213). There were 
no differences in FVC between any of the other 
postures and supine, nor any significant differences 
in FEV, or FEV,/FVC% between any positions (Table 
2). 

Functional residual capacities decreased by a mean 
value of 806 mL (sp 293) when supine was compared 
with sitting (P < 0.001). Functional residual capacities 
in the lateral, prone, and arms-up positions were not 
significantly different from each other, but the mean 
values of all were significantly greater than in the 
supine position by approximately 300 mL (mean 
differences 341 mL (sp 318) when lateral, 351 mL 
(sp 216) when prone, and 252 mL (sp 329) with 
arms-up). All were significantly less than the sitting 
FRC (P < 0.001) by approximately 400 mL (Table 2). 

In each position %RC was consistently less with a 
mouthpiece and noseclip but not significantly so for 
any individual position. When the data were pooled 
(i.e., 65 pairs of data) there was a significant (P < 
0.05) decrease of 1.8% in the WRC when breathing 
changed from the natural airway to a mouthpiece and 
noseclip. Data for %RC without the mouthpiece 
showed a highly significant decrease (P < 0.001) in 
the %RC between sitting and supine postures, but no 
difference between supine and any of the other 
positions (Figure 2, Table 2). 


Discussion 


Respiratory inductive plethysmography measures 
the cross-sectional areas of the chest and abdomen (5) 
and is now accepted as the most accurate assessment 
of ventilation available from body surface recordings 
(6). Respiratory inductive plethysmography has been 
widely used in respiratory physiology because of its 
minimal effect on the subject (who usually forgets it is 
there) and it has also been used as a noninvasive 
respiratory monitor during sleep studies (7). 

The use of a noseclip has no effect on the measure- 
ment of FVC and FEV, (9). However, use of a 
mouthpiece and noseclip in another study resulted in 
an increased tidal volume, decreased respiratory rate, 
and a slightly increased inspiratory time (10). These 
respiratory changes were thought to be a result of 
changing from nasal to oral breathing. We have 
shown a small but consistent and significant decrease 
in the RC contribution to tidal volume associated with 
the use of a mouthpiece and noseclip, but this change 
is too small to be of practical importance. Regardless 
of the airway, we have confirmed that breathing is 
predominantly RC in the sitting position and abdom- 
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FVC FEV, FEV,/FVC FRC ARC PRC 
Position (Lgrps) (Lyrps) (% ) (Lerrs) natural +MP/NC 
Sitting 5.01 + 0.89? 3.79 + 0.76 77 + 16 2.91 + 0.927 69.7 + 10.67 65.1 + 14.2% 
Supine 4.71 + 0.86 3.70 + 0.66 79 £9 2.10 + 0.83 32.3 + 12.0 31.5 + 10.9 
Arms-up 4.59 + 0.96 3.27 + 0.80 74 + 20 2.36 + 0.76” 33.0 + 14.7 32:9-4 127 
Prone 4.63 + 1.02 3.49 + 0.84 76 + 13 2.45 + 0.77" 32.6 + 11.5 i AS Vee | 
Lateral 4.87 + 0.99 3.67 + 0.71 77 £13 2.44 + 0.75° 36.5 + 16.8 327 2 157 


FEV,, forced expiratory volume in 1 s; FRC, functional residual capacity; FVC, forced vital capacity; %RC, percentage contribution of ribcage to ventilation; 


MP/NC, mouthpiece and noseclip. 
Values are mean + sp. 
Significance of difference relates to the supine position. 
“P < 0.001. 
bP < 0.01. 


inal while in the supine position (69.7% RC sitting; 
32.3% RC supine). This agrees with the findings of 
Mannix et al. (2) who also used RIP (60.4% RC sitting; 
36.2% RC supine). Sharp et al. (11) used two pairs of 
magnetometers to measure anteroposterior diameters 
of chest and abdomen and obtained essentially simi- 
lar findings (70% RC sitting; 25% RC supine). Vellody 
et al. (12) used magnetometers to measure both 
anteroposterior and lateral diameters, from which 
they calculated cross-sectional areas. Their values for 
%RC are lower than those of other workers (48% RC 
sitting; 20% RC supine), and this may be a conse- 
quence of assumptions in the calculation of cross- 
sectional area. Vellody et al. is the only group to have 
examined partitioning in the prone and lateral posi- 
tions, and they found larger values for %RC (32%) in 
these positions compared with the supine position. 
Thus, our findings agree with their %RC values for 
prone and lateral positions, but not for supine or 
sitting. 

Our data for FVC and FEV, show surprisingly little 
change with different postures. A slightly increased 
FVC and unchanged FEV, for the sitting position 
suggest either a greater total lung capacity at the start 
of expiration or a more complete expiration and 
hence a lower residual volume, although the latter is 
unlikely considering the larger FRC when sitting. An 
increased total lung capacity may result from the 
subject’s arms (and so shoulders) being supported by 
the chair, thus enhancing the use of the pectorals as 
accessory respiratory muscles. 

This study confirms the well-known change in 
FRC between upright and supine. Functional residual 
capacity was almost identical in the prone and lateral 
positions, being on average 350 mL greater than 
when supine. Studies using plain radiographs in the 
lateral position (13,14) have shown that the lower 
diaphragm is displaced much further cephalad than 
the upper, which may not move cephalad at all (14). 
Thus perhaps only the lower diaphragm (in our case 
the left) contributes to the decrease in FRC, thereby 


causing only approximately 50% of the reduction 
seen from sitting when compared with supine. 
Moreno and Lyons (3) found that subjects in the 
prone position failed to show a significant change in 
FRC as compared with the supine position, despite a 
mean change of 149 mL. Rehder et al. (15) used a 
nitrogen washout technique to measure FRC in 10 
volunteers in the prone position, but unfortunately 
did not compare their data with either the supine or 
upright postures. They obtained a mean FRC of 
3.57 L, which is much larger than that of our subjects 
even when differences in weight are taken into ac- 
count (FRC for our subjects, 34 mL/kg; those of 
Rehder et al., 43 mL/kg). In dogs, the costal part of 
the diaphragm is less compliant than the crural part 
(16), but this difference in diaphragmatic morphology 
has yet to be confirmed in humans. Again, radio- 
graphic studies help to explain the changes in FRC 
when prone. Krayer et al. (17) used CT scanning to 
reconstruct a three-dimensional image of the dia- 
phragm in three supine and three prone subjects. 
They observed that two of the three prone subjects 
still used the posterior part of their diaphragm for 
ventilation. This, coupled with the possible noncom- 
pliant costal diaphragm, may explain the relatively 
high FRC when prone. In the Rehder et al. study (15), 
five of the ten volunteers were anesthetized (with 
paralysis) in the prone position, resulting in a non- 
significant reduction of 400 mL in their FRC and also 
a reduction in closing capacity. Similarly, Krayer et al. 
(17) found a consistent cephalad displacement of the 
diaphragm during prone anesthesia, which he calcu- 
lated to represent a mean volume displacement of 
615 + 466 mL. Our data, along with these two 
studies, indicate that for anesthesia in the prone 
position, the FRC is initially larger than in the supine 
position, the reduction in FRC with anesthesia is 
similar to that seen when supine, and the closing 
capacity may also be reduced. Thus less disturbance 
of gas exchange probably will occur during anesthe- 
sia in the prone position when compared with su- 
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pine, but the alveolar to arterial oxygen difference 
[AP(A—a)O,] during anesthesia in different positions 
has not been studied. 

Many of the most significant studies aimed at 
explaining the increased AP(A~a)O, during anesthe- 
sia have been performed in CT scanners. Complex 
changes in diaphragmatic shape have been described 
(17), and lung opacities have been demonstrated and 
their extent correlated with the AP(A-—a)O, (1). To 
perform any chest CT scan, the arms of the subject 
must be raised above the head to avoid artifacts. We 
have shown that although this maneuver does not 
alter the %RC contribution, it does increase FRC by 
approximately 250 mL, which represents almost half 
of the usual FRC decrease seen during anesthesia. 
Once again the effect this position has on closing 
capacity or the reduction of FRC with anesthesia is 
unknown. However, if these factors are the same as 
in the supine arms-down position, then the larger 
initial FRC may cause studies of anesthesia carried 
out in CT scanners to underestimate the changes that 
take place during anesthesia in the normal supine 
position with the patient’s arms by his side. 
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Dose-response curves of three receptor-selective opi- 
oids were established in a group of nonburned and a 
group of burned rats. Morphine (-agonist), biphalin 
(u- and é-agonist), and U50488H («-agonist) were 
administered to each group, and analgesia was mea- 
sured by tail flick latency testing. Each opioid had a 
significant increase in potency (i.e., a decrease in 
EDs, values) in the burned (15% body surface area) 
compared with the nonburned groups. Moderate 


with alterations in nociceptive thresholds and 

hence shares many of the features of stress- 
induced analgesia described in other settings (1). 
After a transient interval of stress-induced analgesia, 
difficult pain problems often emerge; thus, additional 
studies are indicated to clarify mechanisms of anal- 
gesia in this setting. We have previously found 
distinctive antinociceptive responses between two 
clinically useful opioids, morphine and butorphanol, 
given 48 h after acute burn injury in rats and sug- 
gested such changes may be related to increased 
levels of circulating -endorphin (2). To investigate 
further the altered response to opioid analgesics after 
burn injury, we constructed dose-response curves in 
nonburned rats for three opioid drugs with distinct 
receptor selectivity and again in another group of rats 
after acute burn injury. By analyzing changes in 
analgesic activity for these drugs after acute burn 
injury, we hoped to identify whether any particular 
opioid receptor was involved in the changed re- 


Be injury is a severe form of stress associated 
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doses of each drug (i.e., EDs doses estimated from 
nonburned group data) in each case augmented 
stress-induced analgesia in the burned group. Anal- 
gesic doses failed to prevent a significant increase in 
plasma f-endorphin and corticosterone after larger 
surface area (25%) burns. Regardless of receptor 
specificity, opioid analgesic potency is increased 
acutely after burn ‘i injuries. 
Anesth Analg (1991;73:427-33) 


sponse. Furthermore, because of the extreme pitu- 
itary-adrenal activation that contributes to a clinically 
devastating catabolic state in patients after burn in- 
jury, we measured circulating B-endorphin and cor- 
ticosterone levels in other groups of rats treated with 
receptor-selective opioids to see if these hormone 
responses could be modified by analgesic doses of 
any of these drugs. Receptor selective opioids differ- 
entially influence pituitary hormone secretion (3,4). 


Methods 


Male Sprague-Dawley rats weighing 175-250 g 
(Taconic Farms, Germantown, N.Y.) were main- 
tained on a 12-h light-dark cycle and allowed free 
access to food and water. Eighteen rats were used for 
each dose-response curve. All procedures were ap- 
proved by the Protocol Review Group of the Subcom- 
mittee on Animal Care, Committee on Research, 
Massachusetts General Hospital. 

The day before study, rats were given oxygen and 
enflurane anesthesia and a Silastic cannula was in- 
serted through the right internal jugular vein into the 
right atrium and was tunnelled to emerge through a 
small incision at the base of the skull. The protruding 
stub was occluded with a small metal plug that was 
easily removable for intravenous drug administration 
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and blood sampling. After the rats were prepared, 
they were housed individually in cages overnight. 
Rats were divided into nonburned (NB) and 


burned (B) groups. All rats were anesthetized with ; 


enflurane in oxygen, after which only the B group 
had ventral and dorsal areas shaved, and a limited 
portion of each surface was immersed for 10 s in 
water at 100°C. The body surface area (BSA) and % 
burn area were calculated from the following equa- 
tions: 


BSA (m? = 0.0011 x weight (g) x 0.63, 


burned area (m?) 
%BSA burned = =———————— X 100. 
BSA (m°) 


In the B group of rats tested for analgesic potency, 
BSA was limited to approximately 15%, whereas a 
larger area (25%) was chosen for stress-hormone 
studies on the basis of prior results indicating that 
this was the lowest %BSA consistently able to evoke 
a maximal pituitary-adrenal response (1). Because our 
previous studies had demonstrated an acute endog- 
enous analgesic response after comparable full- 
thickness burns (1) and because our (5) and other 
observations indicate that pain intensity is modest as 
long as the injured clinical site is not manipulated, no 


analgesics were deemed necessary after inhaled an- 


esthesia. 

At the conclusion of the study, animals were killed 
using volatile anesthetic (ether). 

Three drugs were administered intravenously. 
Morphine, a predominantly u-agonist; biphalin, a 
predominantly u- and Sagonist peptide (6,7); and 
U50,488H, a predominantly x-agonist (8). The drugs 
were dissolved in saline solution, injected into the 
previously implanted cannulas using a 1-mL syringe, 
and flushed with saline solution. Eighteen rats were 
used for each drug in both NB and B groups. The 
doses used were as follows: morphine: 1, 2, and 
5 pmol/kg (NB group) and 1, 2, 3, and 5 uwmol/kg 
(B group); biphalin: 5, 10, and 15 umol/kg (NB group) 
and 5, 7.5, and 10 mol/kg (B group); U50,488H: 5, 
10, and 15 mg/kg (NB group) and 2.5, 5, 10, and 
15 mg/kg (B group). An additional six rats in the B 
group were given no drug to quantitate stress- 
induced analgesia resulting from the burn itself. 

Analgesia was measured by the tail flick latency 
test (9) performed by gently restraining the rat with a 
cloth and placing the tail under a radiant heat source 
that was activated simultaneously with a timer. 
When the rat flicked the tail aside, a photocell was 
uncovered turning off both the heat source and the 
timer thus recording tail flick latency. Five trials at 
i-min intervals with a maximum exposure to heat 
(cut off) of 7 s were performed. Light intensity was 
adjusted to give a baseline tail flick latency of 3-4 s. 
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Figure 1. Dose-response curves for groups of burned (0) (above) 
and nonburned ([_]) rats (below). Eighteen rats were used in each 
group. Rats were given intravenous morphine and analgesia tested 
by tail flick. % MPE is the percent maximum possible effect. 95% 
confidence limits are shown (dotted lines). 


The degree of analgesia was expressed as a percent- 
age of maximum possible effect (MPE) calculated as 


(posttreatment latency — control) 
% MPE = ————--____—_- * 100. 
cut-off latency — control 


In the NB group, the MPE was measured for each 
dose of each drug at baseline, 15, 30, and 60 min 
after administration of that drug and then at 
hourly intervals. In the B group, the baseline mea- 
surements were taken before the burn injury and at 
60, 75, 90, and 120 min after the burn, and then 
hourly. In this group, the rats receiving drugs were 
given the drug intravenously after the 60-min mea- 
surement. The largest value for each dose of each 
drug in each group was used to establish a dose- 
response curve. 

To examine a possible effect of analgesic drugs on 
plasma levels of the stress hormones -endorphin 
and corticosterone, five rats were allocated to each of 


~ 
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Figure 2. Dose-response curves for groups of burned (©) (above) 
and nonburned (C) rats (below). Eighteen rats were used in each 
group. Rats were given intravenous biphalin and analgesia tested 
by tail flick. %MPE is the percent maximum possible effect. 95% 
confidence limits are shown (dotted lines). 


the following treatment groups: (a) no drug, (b) 
4 umol/kg of intravenous morphine, (c) 20 umol/kg of 
intravenous biphalin, and (d) 15 mg/kg of intrave- 
nous U50,488H. These dosages were in excess of the 
EDs, values for tail flick latency determined in pilot 
dosage studies on nonburned rats. Drugs were given 
to the rats 15 min before an ~25% BSA burn was 
administered to the rats to elicit a maximal hormonal 
response (1). Blood samples (1 mL) were drawn, 
centrifuged with edetic acid (50 uL of an 18% solu- 
tion), and the plasma was removed using a pipette. 
The red cells were returned after having been diluted 
in normal saline solution to equal the original vol- 
ume. Samples were taken before burning and at 1 
and 2 h after burning. The plasma samples were 
rapidly frozen and stored at —20°C for later analysis 
of B-endorphin and corticosterone. Plasma immuno- 
reactive B-endorphin (10) and corticosterone (Cam- 
bridge Medical Diagnostics, Billerica, Mass.) were 
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Figure 3. Dose-response curves fer groups of burned (0) (above) 
and nonburned ([_]) rats (below). Eighteen rats were used in each 
group. Rats were given intravenous U50,488H and analgesia tested 
by tail flick. %MPE is the percent maximum possible effect. 95% 
confidence limits are shown (do?ted lines). 


assayed by published methods. Cut-off levels of 
2000 pg/mL and 500 mg/mL were used for B-endor- 
phin and corticosterone, respectively, because higher 
values were imprecise in the assay conditions used 
(11). | 

The dose-response curves were prepared by linear 
regression of %MPE versus drug dose using Statview 
(Abacus Concepts Inc., Berkeley, Calif.). Using 
Minitab (Minitab Inc., State College, Pa.), the EDs, 
values and 95% confidence limits were derived from 
the linear regression lines as the drug dosage corre- 
sponding to %7MPE = 50%. Unpaired t-tests were 
used to compare EDs, values. Analysis of variance 
was carried out using Superanova (Abacus Con- 
cepts). The level of significance was P < 0.05. 


Results 


Non-drug-treated rats had no behavioral evidence of 
nociception (e.g., writhing, vocalizing, licking, motor 
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Figure 4. Time effect curves for analgesia after 
burn alone, after treatment with 2 mol/kg 
of morphine alone, and after treatment with 
2 mol/kg of morphine following burn. %MPE is 
the percent maximum possible effect. 
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Figure 5. Time effect curves for analgesia after 
burn alone, after treatment with 10 mol/kg 
of biphalin alone, and after treatment with 
10 mol/kg of biphalin following burn. %MPE is 
the percent maximum possible effect. 
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activity), as expected for these acute studies. Indeed, 
endogenous analgesia was evidenced by elevations of 
tail flick latency responses in the non-drug-treated B 
group animals. | 

For tail flick latency, the dose-response curves 
with 95% confidence limits for morphine, biphalin, 
and U50,488H in burned rats and in noriburned rats 
are shown in Figures 1-3. In all cases, the dose- 
response curves of the B group are shifted to the left 
from that of the NB group. The respective EDs (95% 
confidence limits) for tail flick latencies in the B and 
NB groups are morphine, 1.63 (1.29-1.97) and 2.63 
(2.21-3.16) wmol/kg; biphalin, 7.34 (6.37-8.30) and 
10.69 (8.66-12.73) mmol/kg; U50,488H, 7.93 (5.92- 
9.96) and 11.12 (8.92-13.11) mg/kg. 

The stress-induced analgesic effect of burn alone 
can be seen in Figures 4-6. The % MPE for tail flick 
latency in the non-drug-treated rats in the B group is 
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plotted against time together with responses in 
burned and nonburned rats given a single dose of 
each drug (ED; in pilot dosage studies in nonburned 
rats). The combination of the burn and each opioid 
produced significantly greater analgesia than the 
burn alone for each of the three opioids (Games- 
Howell post-hoc tests). Two-way analysis of variance 
for repeated measures did not show a significant 
difference between the analgesia produced by the 
burn alone and either 2 wmol/kg of morphine (P = 
0.15) or 10 umol/kg of biphalin (P = 0.065). However, 
the analgesia produced by 10 mg/kg of U50,488H was 
significantly greater than that produced by the burn 
alone (P = 0.01). 

The levels of stress hormones in the rats subjected 
to the larger BSA burns are shown in Figures 7 and 8. 
A two-way analysis of variance for repeated mea- 
sures showed a significant increase in levels of both 
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Figure 6. Time effect curves for analgesia after oe 
burn alone, after treatment with 10 mg/kg of = 4 
U50,488H alone, and after treatment with xo 

10 mg/kg U50,488H following burn. %MPE is ° 

the percent maximum possible effect. 
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Figure 7. 8-Endorphin levels before and at 1 and 2 h after burn. 
Error bars represent the standard error of the mean. 


B-endorphin and corticosterone after burn at both 1 
and 2 h (P = 0.003 and P = 0.0001, respectively: 
Games-Howell post-hoc test). None of the intrave- 
nous analgesic doses of the three study drugs signif- 
icantly altered this response for levels of B-endorphin 
(P = 0.102). There was a significant effect due to drug 
treatment for the levels of corticosterone (P = 0.0001). 
Post-hoc testing (Games-Howell) showed this was 
mainly due to variation between the different drugs. 
Biphalin alone produced a significant increase in 
corticosterone above that in the non-drug-treated 


group. 


Discussion 


In clinical practice, there is a large variation in an 
individual’s response to a given dose of an opioid. 
Variations in serum concentrations up to fourfold to 
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Figure 8. Corticosterone levels before and at 1 and 2 h after burn. 
Error bars represent the standard error of the mean. 


produce adequate pain relief have been observed for 
meperidine analgesia (12). Pharmacokinetic reasons 
such as differing rates of absorption and volume of 
distribution may play a part. However, pharmacody- 
namic factors, such as differing opioid receptor sub- 
type populations or interactions with circulating or 
locally released endogenous opioids, may account, at 
least in part, for the wide variability in response. We 
sought to explore the pharmacodynamic basis for 
variability in response by using different receptor- 
selective opioids in a rat burn model. 

Despite the fact that morphine, biphalin, and 
U50,488H have differing receptor affinities (7,13), all 
the EDsp values after 15% BSA burns decreased for 
tail flick latency. The analgesic potency of the x-ago- 
nist butorphanol is enhanced at 2 days after burn 
injury (2). Our present results indicate that such 
enhancement of analgesic potency occurs early (with- 
in 75 min after burn) and is not limited to x-agonists. 
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The presence of the burn itself provides a level of 
analgesia. Similar analgesia is activated by many 
stressors and environmental changes in experimental 
animals (14,15). The stress-induced analgesia of the 
burn injury may share many properties with other 
forms of stress-induced analgesia including antago- 
nism by naltrexone and may be opioid in character. 
This may be due to an increase in circulating cortico- 
sterone and -endorphin (11,16), given recent find- 
ings that opioids may possess a local analgesic action 
in the periphery. Opioids produce antinociception in 
inflammation-related pain by acting at peripheral 
sites (17,18). In the central compartment, i.e., the 
spinal cord, gene activation of fos and opioid genes 
occurs early after injury or inflammation (19) and is 
modified by opioid analgesia (20). In preliminary 
studies, we have found that thermal injury may alter 
opioid gene expression in the rat spinal cord (21). 

Whatever the mechanism, stress-induced analge- 
sia due to the burn may be an important factor in 
adding to the potency of each of the three analgesics 
after burn injury. As can be seen from Figures 4-6, 
some additive effect of the burn and the analgesic 
seems apparent for each of the three drugs tested, 
regardless of receptor selectivity. Both B-endorphin 
and corticosterone increase after burn injury in excess 
of 20% BSA (1). Opioid analgesia is often associated 
with an attenuation in the amounts of these hor- 
mones released (22), although Kehlet (23) and others 
have reported persistent systemic hormonal re- 
sponses postoperatively during opioid analgesia. 
Nonetheless, the increase in corticosterone and B-en- 
dorphin after the burn was unaltered by the admin- 
istration of any of the three receptor-selective drugs. 
Although the pituitary-adrenal axis has been viewed 
as under exclusive central nervous system control 
(24), we have shown that the release of both f-en- 
dorphin and corticosterone may reflest peripheral 
stimuli in the absence of central nervous system 
connections after burn injury (13). This may well 
explain the continued elevation of these stress hor- 
mones despite pretreatment with analgesics. 

One could speculate that the persistent elevation 
in circulating stress hormones may account for the 
analgesic potentiation of the three receptor-selective 
drugs, or that this potentiation was derived from a 
drug effect on central neural pathways mobilized 
during stress, or that simultaneous drug actions in 
the central or peripheral compartments underlay our 
results. On the other hand, the increased potency 
appeared to play no part in diminishing the release of 
stress hormones. 

In conclusion, enhanced analgesic potency after 
burn injury tends to augment stress-induced anal- 
gesia and is relatively independent of receptor 
selectivity. The release of 6-endorphin and corticos- 
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terone is not prevented by the prior administration of 
analgesic doses of opioids and may play a part in the 
enhanced potency of analgesics that follows acutely 
after burn injury. 


We thank Dr. P. F. VonVoigtlander of the Upjohn Company for 


supplying U50,488H. 
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Regional anesthesia with bupivacaine in pediatric 
patients is often accompanied by light levels of 
halothane general anesthesia. To determine the 
potential cardiotoxicity of these two drugs when 
used together, we defined the interaction between 
moderate plasma bupivacaine concentrations (1270- 
1760 ng/mL) and halothane (end-tidal concentrations, 
0.5%-1.0%) on ventricular contractility and conduc- 
tion in 22 closed-chest dogs anesthetized with chlo- 
ralose. Bupivacaine alone (1-mg/kg intravenous bolus 
plus a 0.1-mg-kg~'-min™' constant rate infusion) 
resulted in significant increases in ventricular con- 
duction time (VCT) and effective refractory period 
(VERP) and nonsignificant decreases in dP/dt,,,, and 


12) are negative inotropes, the separate ad- 

ministration of each is rarely accompanied by 
serious abnormalities in cardiac function. However, 
these drugs are often used together in pediatric 
anesthetic practice when light levels of halothane 
general anesthesia are administered to facilitate ad- 
ministration of the regional block and to produce 
hypnosis and additional analgesia during the surgical 
procedure (13-15). Thus, there is a potential for the 
cardiotoxic interaction of these two agents. In the 
present study, we examined the question of whether 
the concurrent administration of both drugs would be 
associated with depression of ventricular contractile 
force owing to the synergism of their negative inotro- 
pic effects. Another concern was that both experi- 
mentally in the laboratory and in clinical practice, 


N lthough bupivacaine (1-6) and halothane (7- 
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blood pressure. The addition of halothane resulted in 
hypotension and in progressively increasing plasma 
bupivacaine levels secondary to reduced hepatic 
clearance, which led to further dose-related signifi- 
cant increases in VCT and VERP and to significant 
decreases in dP/dt,,,, and blood pressure. In other 
dogs given halothane but in which bupivacaine levels 
were held constant (1400 ng/mL), VCT remained 
constant and VERP lengthened slightly, whereas 
dP/dt nax decreased. We conclude that the combina- 
tion of bupivacaine and halothane can cause adverse 
effects on ventricular contractility and intraventricu- 
lar conduction. 

(Anesth Analg 1991;73:434-40) 


bupivacaine has been reported to cause ventricular 
conduction disorders with reentrant arrhythmias; oc- 
casionally, these have had a fatal outcome (3,4,16- 
19). Although halothane does not have an apprecia- 
ble influence on intraventricular conduction (20-22), 
we wanted to determine whether its administration 
would enhance bupivacaine-induced rhythm disor- 
ders. Thus, a second goal of the study was to deter- 
mine the effects of bupivacaine combined with 
halothane on ventricular conductivity. 


Methods 
Animal Preparation 


After approval of the protocol was obtained from the 
institutional animal care committee, we initially ran- 
domly allocated 16 mongrel dogs of either sex, weigh- 
ing 16-24 kg, to treatment with either bupivacaine- 
halothane (group 1, n = 10) or halothane alone 
(group 2, control; n = 6). Later, as a consequence of 
our analysis of data from group 1 dogs in which we 
observed progressively increasing bupivacaine con- 
centrations as halothane concentrations were in- 
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creased, we studied a third group of six dogs treated 
in the same fashion as the first group, except that the 
rate of bupivacaine infusion was decreased from 
0.1 mg-kg~’-min~ to 0.08, 0.06, and 0.04 mg-kg™?: 
min”? as halothane concentrations were increased 
from 0.0% to 0.5%, 0.7%, and 1.0%, respectively. 

Food was withheld the night before the study, but 
water was available ad libitum. Anesthesia was in- 
duced with an intravenous injection of chloralose 
(80 mg/kg). After intubation of the trachea, the lungs 
were ventilated with a Bird Mark VIII respirator 
delivering an air-oxygen mixture (40% and 60%, 
respectively). The arterial blood gas tensions and pH 
were checked approximately every 15 min, and val- 
ues were maintained in the normal range by modify- 
ing ventilator settings. The body temperature was 
carefully monitored. with an electronic esophageal 
thermometer and was kept constant at 39°C by means 
of an infrared heater placed at a variable distance 
from the animal, as a reduction in core temperature 
from 39° to 35°C further impairs the ventricular con- 
duction deficit caused by bupivacaine (23). 


Measurements 


A surface electrocardiogram was obtained using nee- 
dle electrodes introduced under thé skin of each leg 
and connected to an Elema-Schonander electrocar- 
diograph. The cardiac electrical activity was continu- 
ously monitored on a Siemens EM 531 oscilloscope. 
The mean arterial blood pressure (MAP) was mea- 
sured directly using a catheter inserted percutane- 
ously into the left femoral artery and connected to a 
Statham trarisducer and a Narcotrace 80 polygraph: 
The right fémoral artery was cannulated, and a 6F 
argon catheter was positioned in the left ventricle to 
measure pressure. Wavefornis were displayed on a 
Thomson Medical Telco oscilloscope, and dP/dt was 
electronically derived from the intraventricular pres- 
sure signal and recorded on a Narcotrace 80 poly- 
graph. Left ventricular dP/dtmax (LV dP/dt,,,,) was 
taken as the peak positive deflection of the dP/dt 
trace. To assess the effects of treatment on ventricular 
contractility independent of the indirect influence of 
variations in heart rate, a 6F Plastimed Elecath pacing 
electrode was introduced percutaneously into the 
right jugular vein and was advanced centrally to the 
base of the right ventricle just beneath the tricuspid 
valve. The electrode was connected to a Hugo Sachs 
stimulator that delivered square-wave stimuli (S1) of 
1.5 mA (approximately three times the threshold 
intensity) and 5-ms duration at a rate of 180 beats/ 
min. Measurements also were made with the heart 
beating spontaneously. 

Right ventricular conduction time (VCT) was mea- 
sured using a 6F Plastimed USCI bipolar recording 
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electrode introduced percutaneously into the right 
femoral vein and advanced to the apex of the right 
ventricle. This electrode was connected to an Elema- 
Schonander electrocardiograph lead designed to 
record His bundle potentials. Ventricular conduction 
time was defined as the time that elapsed between 
stimulation by the pacing electrode and the onset of 
electrical activity recorded at the apex. In a similar 
manner, QRS duration was measured during sinus 
rhythm. 

The stimulating electrode also was used for deter- 
mination of the effective refractory period in ventric- 
ular muscle (VERP) using the extrastimulus method 
(24). In brief, while the ventricles were driven by the 
stimuli S1 (described previously), a premature extra- 
stimulus, 52, of the same characteristics was intro- 
duced. The longest coupling interval, S1-S2, at which 
S2 just failed to capture was taken as the VERP. To 
avoid artifacts owing to changes of average rate 
produced by the extrastimuli, care was taken not to 
initiate S2 before 8-10 S1 stimuli. 


Experimental Protocol 


Group 1 dogs received a 1-mg/kg intravenous loading 
dose of preservative-free bupivacaine hydrochloride 
(Marcaine Roger Bellon), followed by an intravenous 
infusion of bupivacaine at a rate of 0.1 mg-kg™': 
min‘ throughout the experiment. The loading dose 
and the infusion rate were chosen to result in arterial 
blood bupivacaine concentrations between 1200 and 
1800 ng/mL, values that correspond to the peak 
concentrations generally observed after regional an- 
esthesia. Thirty minutes after the loading dose had 
been administered and the infusion started, steady- 
state control measurements (LV dP/dt,,,,, VCT, and 
VERP) were made. Halothane then was administered 
with a Fluotec Mark III vaporizer in quantities suffi- 
cient to maintain end-tidal concentrations of 0.5%, 
0.7%, and 1.0%. Thése were measured with a Datex 
Capnomac (together with carbon dioxide levels). 
When steady anesthetic concentrations had been 
maintained for 15 min, measurements again were 
made. 

Experiments on group 2 dogs were conducted in 
an identical manner and time frame except that 
bupivacaine was not administered (i.e., 30 min after 
the monitors were placed, the three concentrations of 
halothane were administered and hemodynamic and 
electrophysiologic measurements were made). The 
protocol for group 3 dogs was the same as for group 
1, except that the rate of bupivacaine infusion was 
progressively decreased as the concentration of 
halothane was increased to keep arterial bupivacaine 
concentrations relatively constant. 

Arterial blood bupivacaine levels were determined 
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Figure 1. A comparison of left ventricular dP/dt,,,, (LV dP/dt,,,,) 
during pacing at 180 beats/min under the influence of bupivacaine 
plus halothane (group 1, n = 10) and halothane alone (group 2, 
n = 6). Significant differences between the groups were noted at all 
halothane concentrations. Intergroup comparisons were made 
with unpaired Student's t-test. Mean values + sE are shown. *P < 
0.05 is considered statistically significant. 


using a high-performance liquid chromatography 
method, with a limit of sensitivity of 20 ng/mL (25). 
Samples were obtained each time hemodynamic and 
electrophysiologic measurements were made. 


Statistics 


Data were analyzed using two-way (group and 
halothane concentration) repeated measures analysis 
of variance and Scheffe’s test when significant differ- 
ences were found with analysis of variance. When 
appropriate, unpaired Student’s t-tests also were 
used. P < 0.05 was considered statistically signifi- 
cant. Values are presented as the mean + SE. 


Results 


Treatments were started only after a steady state had 
been achieved, i.e., two control measurements (5 min 
apart) during ventricular pacing at 180 beats/min of 
LV dP/dt,,., and VCT that did not vary by more than 
10%. 


Constant Rate of Bupivacaine Infusion Plus 
Halothane (Group 1) 


The administration of bupivacaine during ventricular 
pacing at 180 beats/min resulted in a slight, statis- 
Pe insignificant decrease in LV dP/dt,,,, from 
1785 + 91 to 1615 +.109 mm He/s (Figure 1). The 
addition of 0.5% halothane resulted in a further 
decrease to 1340 + 125 mm Hg/s, which was statisti- 
cally significant (P < 0.05); administration of 0.7% 
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Figure 2. A comparison of ventricular conduction time (VCT) 
during pacing at 180 beats/min under the influence of bupivacaine 
plus halothane (group 1) and halothane alone (group 2). Significant 
differences between the groups were noted at all halothane con- 
centrations. Mean values + sg are shown. *P < 0.05 is considered 
significant. 


and 1.0% halothane caused additional reductions to 
1030 + 123 and 670 + 62 mm Hg/s, respectively (P < 
0.05). In the absence of pacing, decreases in LV 
dP/dt nax were similar to those that occurred during 
pacing; the variations in heart rate remained moder- 
ate, but all values were somewhat higher: control, 
2265 + 106 mim Hg/s; after bupivacaine infusion, 
2115 + 137 mm Hg/s (not significant); and after 
0.5%-1.0% halothane, 1855 + 148 to 1415 + 135 mm 
Hg/s (P < 0.05). 

The effects of the bupivacaine-halothane combina- 
tion on cardiac electrophysiologic phenomena were 
qualitatively similar but quantitatively different from 
those on contractility. Ventricular conduction time 
was significantly prolongéd after administration of 
bupivacaine alone (38 + 2 to 54 + 4 ms) but the 
additional lengthening that followed administration 
of halothane was significant only at the 1.0% concen- 
tration (74 + 4 ms, Figure 2). The effects of bupiv- 
acaine-halothane on QRS duration were similar to 
those on VCT noted previously, i.e., significant 
lengthening caused by bupivacaine alone (62 + 1 to 
79 + 2 ms) with further significant lengthening (to 
98 + 5 ms) only at the 1.0% concentration (Figure 3). 
Bupivacaine treatment resulted in a significant pro- 
longation of VERP (147 + 4 to 161 + 4 ms) that was 
not further increased by the addition of halothane 
(Figure 4). 

The administration of bupivacaine had no effect on 
MAP (143 + 6 to 142 + 9 mm Hg), whereas the 
addition of halothane caused dose-related decreases 
in MAP from 125 + 10 mm Hg at 0.5% to 78 + 
7 mm Hg at 1.0% (P < 0.05, Figure 5). Decreases in 
heart rate secondary to bupivacaine alone and to the 


ANESTH ANALG 





1991;73:434-40 
Bup-Hal + 
Halothane * 
100 k 
at 
z . 
E o 
= 60 one 
REE 
2 fae 
fr Þa 
o 40 Rae 
hg te HES 
20 
0 





ji 0.5 0.7 
Halothane 


Bupivacaine A 


1mg.kg-1+0.1mg.kg-1.min-1 


Figure 3. A comparison of QRS duration under the influence of 
bupivacaine plus halothane (group 1) and halothane alone (group 
2). Significant differences between the groups were noted at all 
halothane concentrations. Mean values + seg are shown. *P < 0.05 


is considered significant. 
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Figure 4. A comparison of ventricular effective refractory period 
(VERP) during pacing at 180 beats/min under the influence of 
bupivacaine plus halothane (group 1) and halothane alone (group 
2). Significant differences between the groups were noted at all 
halothane concentrations. Mean values + se are shown. *P < 0.05 
is considered significant. 


bupivacaine-halothane combinations were not statis- 
tically significant (data not shown). 

Bupivacaine concentration in arterial blood plasma 
increased significantly from 1270 + 80 ng/mL before 
halothane administration to 1760 + 100 ng/mL at the 
1.0% concentration (Figure 6). In the absence of 
halothane, bupivacaine levels remained stable. 


Halothane Alone (Group 2) 


Halothane significantly depressed myocardial con- 
tractility: during pacing LV dP/dt,,,, gradually de- 
clined from 1867 + 70 mm Hg/s (control) to 1400 + 
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Figure 5. A comparison of mean arterial pressure (MAP) during 
pacing at 180 beats/min under the influence of bupivacaine plus 
halothane (group 1) and halothane alone (group 2). Significant 
differences between the groups were noted at 0.7% and 1.0% 
halothane. Mean values + se are shown. *P < 0.05 is considered 
significant. 
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Figure 6. Plasma bupivacaine concentrations in group 1 dogs (n = 
10) treated with a bolus (1 mg/kg) plus an infusion of bupivacaine 
administered at a constant rate (0.1 mg-kg~?-min7’) and group 3 
dogs (n = 6) treated with a bolus of bupivacaine (1 mg/kg) plus an 
infusion administered at a decreasing rate as halothane concentra- 
tions were increased. There was a significant increase in bupiv- 
acaine concentrations in group 1 dogs with each successive 
halothane concentration; bupivacaine concentrations in group 3 
dogs remained stable. Mean values + sz are shown. *P < 0.05 is 
considered significant. 


84 mm Hg/s (1.0%); while the heart was beating 
spontaneously, LV dP/dt,,,, decreased from 2100 + 
84 mm Hg/s (control) to 1517 + 102 mm Hg/s (1.0%). 
The decreases at all halothane concentrations were 
significant. However, unlike the results in group 1, 
changes in conduction did not parallel changes in 
contractile force: VCT and QRS duration remained 
nearly stable throughout halothane administration. 
Similarly, there was a moderate increase in VERP 
from 145 + 4 to 158 + 5 ms, which was significant at 
the 0.5% and 0.7% concentrations (P < 0.05). 
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Halotharie caused a. dose-related slowing of the 
sinus rate from 140 + 12 to 118 + 7 beats/min, with 
statistical significance achieved only at the 1% con- 
centration. Mean arterial blood pressure was also 
reduced in a dose-related fashion from 150 + 4 to 
121 + 6 mm Hg; but, again, statistical significance 
was achieved only at the 1% concentration (Figure 5). 


Comparison Between Group 1 and Group 2 Dogs 


During pacing, the combination of bupivacaine- 
halothane depressed LV dP/dt,,,, more than did 
halothane alone, with the difference between the two 
groups being significant at each halothane concentra- 
tion (Figure 1). Interestingly, bupivacaine-induced 
impairment of VCT became worse when halothane 
was added, even though treatment with halothane 
alone was virtually devoid of any effect on ventricular 
conduction. The differences between the two groups 
in VCT (Figure 2) as well as in QRS duration (Figure 
3) were significant at all halothane coricentrations. 
With minor variations, VERP also was more influ- 
enced by the combination of bupivacaine-halothane 
than by halothane alone (Figure 4). 

The decrease in MAP was greater with combined 
treatment than with halothane alone; the difference 
first achieved statistical significance at a halothane 
concentration of 0.7% (Figure 5). On the contrary, the 
difference in sinus rate between the groups never 
achieved statistical opener 


Decreasing Rate of Bupivacaine Infusion Plus 
Halothane (Group 3) 


Progressively decreasing the rate of bupivacaine. in- 
fusion during halothane administration resulted in 
relatively constant bupivacaine levels throughout the 
experiment (Figure 6). Under these conditions, QRS 
duration and VCT, initially lengthened by bupiv- 
acaine from 58 + 4 to 74 + 5 ms and from 42 + 4 to 
58 + 6 ms, respectively, did not further increase (76 + 
7 and 63 + 5 ms) even at the highest halothane 
concentration. Changes in VERP and LV dP/dtmax 
were different: VERP increased whereas LV dP/dt,,,,. 
decreased significantly as the concentration of halo- 
thane was increased from 0.0% (from 138 + 2 to 156 + 
2 ms) to 1.0% (from 1780 + 98 to 1162 + 76 mm Hg/s) 
during pacing. Thus, the combination of bupivacaine 
and halothane results in greater depressant effects on 
myocardial refractoriness and on contractility than 
does either drug alone even in the absence of hypo- 
tension and of increasing bupivacaine levels. In con- 
trast, when bupivacaine levels are artificially main- 
tained constant, intraventricular conduction 
disorders caused by bupivacaine are no longer aggra- 
vated by the administration of halothane. 
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Discussion 


In the present study, a bolus dose of 1 mg/kg of 
bupivacaine, followed by an infusion of 3 mg/kg over 
30 min (i.e., a total dose of 4 mg/kg or about twice the 
usual amount recommended for regional anesthesia) 
produced insignificant reductions in ventricular con- 
tractile force and hemodynamics. This is in contrast 
to the cardiotoxic effects reported to result from 
higher bupivacaine doses (1,3-5). Halothane in usual 
clinical concentrations lowered LV dP/dtmax as well as 
MAP, confirming its well-known negative inotropic 
properties (7-12), although this degree of depression 
probably is of no clinical consequence. The cardiac 
depressant effect of halothane was probably due to 
decreased ventricular filling secondary to the effect of 
halothane on the sympathetic nervous system. 

In contrast to the rather benign effects of bupiv- 
acaine and halothane when administered separately, 
they caused significant cardiac depression and con- 
duction disturbances when administered together 
(group 1). The depressant effects of the combination 
were attenuated to some extent by their bradycardiac 
effect as myocardial contractile force assessed by LV 
dP/dt nax Was. impaired by 62% when the heart was 
paced at 180 beats/min: but only by 38% when it was 
beating spontaneously. Bradycardia was probably 
due to inhibition of the sinus node. It is most marked 
when vagal tone is reduced or absent (26), which 
occurs after the administration of either bupivacaine 
(4,5) or halothane (10,27). The underlying mechanism 
for the bradycardia probably relates to the ability of 
both drugs to interfere with the movement of Ca?* 
across cell membranes of the sinus node and of 
cardiac and smooth muscle. This has been demon- 
strated in studies in which calcium channel blockers 
(i.e., verapamil, diltiazem, and nifedipine) exacer- 
bated decreases in both myocardial contractile perfor- 
mance and hemodynamics caused by bupivacaine. At 
the same time, slowing of the sinus rate delayed 
conduction in the atrioventricular node (28-32) and 
caused a significant increase in toxicity and mortality 
(33). That interference with the movement of calcium 
ions causes toxicity is evidenced by experiments in 
which calcium treatment reversed the increased mor- 
tality associated with combined administration of 
bupivacaine and verapamil (33). Similarly, when ver- 
apamil was administered with halogenated anesthet- 
ics, its effects on cardiac and smooth muscles (34) as 
well as on specialized cardiac tissue (27) were exag- 
gerated. Hypercalcemia, which enhances the calcium 
gradient between the extracellular and intracellular 
media, counteracts this effect (35). These data suggest 
that both bupivacaine and halothane oppose the 
transsarcolemmal entry of Ca** through calcium 


E 
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channels, which results in a reduction of intracellular 
Ca?* concentration (36,37). 

In contrast to the above, the actions of bupivacaine 
and halothane on conduction in ventricular fibers 
differed from each other. Conduction was greatly 
depressed by bupivacaine, whereas it remained 
nearly unchanged with halothane. The reason for this 
difference probably was that depolarization and con- 
duction in contractile ventricular fibers were based on 
the inward sodium current of phase 0 of the com- 
pound action potential (38,39). This was impeded by 
bupivacaine, a more potent blocking agent of fast 
sodium channels than of calcium channels (3,4,40). 
Halothane predominantly affected the latter channels 
(20-22), which exclusively govern development of 
contractile force during phases 1 and 2 of the action 
potential (38,39). 

In the present study, we found that the adminis- 
tration of halothane to group 1 dogs treated with 
bupivacaine resulted in significant further prolonga- 
tion of conduction time. However, this did not occur 
in group 3 dogs when bupivacaine levels were held 
constant. As halothane is reported to have either no 
influence (20-22), or at most only a slight influence on 
intraventricular conduction (41-43), the mechanism 
of prolongation most likely was indirect, i.e., the 
increased bupivacaine plasma levels. Increased bu- 
pivacaine levels in group 1 dogs were probably sec- 
ondary to the hypotension that occurred during 
halothane administration. Hypotension presumably 
resulted in decreased hepatic perfusion, which would 
then lead to decreased bupivacaine degradation and 
reduced clearance (44-47). The lengthening of VERP 
may also be primarily imputed to this increase in 
plasma bupivacaine concentration, but pharmacody- 
namics could have played a role as halothane directly 
affects VERP (27). 

A word of caution is appropriate when interpret- 
ing our data. Our experiments were conducted using 
dogs that were basally anesthetized with chloralose. 
An anesthetic was necessary to place the catheters 
and electrodes that were used to study both contrac- 
tility and conduction and to help maintain the dogs at 
a steady state while making end-tidal halothane mea- 
surements. Chloralose was chosen because it causes 
only minimal changes in cardiovascular function (48). 
Nevertheless, it could have enhanced the depressant 
action of bupivacaine and/or halothane. 

In summary, the combined administration of 
halothane and bupivacaine in a manner that resulted 
in progressively increasing concentrations of bupiv- 
acaine led to significant depression of ventricular 
contractility and conductivity. By contrast, when cir- 
culating bupivacaine concentration was held con- 
stant, the administration of halothane resulted in 
little additive or synergistic depression of ventricular 
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conductivity. To speculate on the clinical significance 
of this study, our results suggest a potential clinical 
danger when halothane and bupivacaine are admin- 
istered together, particularly if high concentrations of 
halothane are used such as when general anesthesia 
is required because the regional block is ineffective. In 
that situation, systemic bupivacaine absorption could 
lead to cardiac depression just at the time that the 
action of halothane would be causing impaired bu- 
pivacaine metabolism. It would seem prudent to 
avoid high concentrations of halothane when bupiv- 
acaine is administered. 
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Influence of Chronic Heart Failure and 
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Circulatory responses to isoflurane and halothane 
anesthesia were studied in eight rabbits with biven- 
tricular cardiomyopathy induced by doxorubicin 
(Adriamycin, 14 mg‘kg IV over 7 wk) and in eight 
controls (saline injections). In preliminary operations 
pulsed-Doppler flow probes were placed on the as- 
cending aorta, left renal artery, and lower abdominal 
aorta. Each group was studied after 4, 6, and 7 wk of 
treatment. The development of congestive heart fail- 
ure (CHF) was associated with decreases in mean 
arterial pressure and cardiac output (CO) of 14% and 
16%, respectively, (P < 0.05) and an increase in heart 
rate. In controls, each anesthetic agent produced 
dose-related decreases in mean arterial pressure and 
increases in heart rate, but no significant changes in 
CO. Renal blood flow was reduced to a similar degree 
by 1.3 MAC halothane (24% decrease) and 1.3 MAC 


(CHF) significantly increases the risk of mor- 

bidity and mortality after noncardiac surgery 
(1-3). Human CHF may occur with a low, normal, or 
high cardiac output, although chronic low-output 
CHF is most common. Low-output chronic CHF is a 
complex clinical syndrome in which there is increased 
afterload, activation of neurohumoral vasoconstrictor 
systems, altered regional blood flow distribution, 
changes in the cardiorenal axis, and complex func- 
tional and structural abnormalities in the failing heart 
itself. Anesthesia and surgery add a number of po- 
tential cardiovascular stress factors for these patients, 
including direct and indirect myocardial depression 
and changes in neurohumoral systems and periph- 
eral vascular tone (4,5). With the administration of 


A preexisting history of congestive heart failure 
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isoflurane (21% decrease); hindlimb blood flow was 
reduced only by halothane. As CHF developed there 
was an attenuation of the heart rate response to 
anesthesia. Halothane, but not isoflurane, signifi- 
cantly reduced CO in more advanced stages of CHF. 
The changes in renal blood flow and hindlimb blood 
flow with each anesthetic in the CHF group were 
similar to those observed in controls and did not vary 
with week of treatment. Administration of the an- 
giotensin-converting enzyme inhibitor enalaprilat 
(0.2 mg/kg IV) reversed the CO and renal blood flow 
effects of halothane except after 7 wk of treatment in 
the CHF group, when the combination of halothane 
and enalaprilat resulted in severe circulatory depres- 
sion. 

(Anesth Analg 1991;73:441-8) 


volatile anesthetics, reduction in afterload may pre- 
dominate over direct cardiac depression (6). Al- 
though there are major differences between agents 
(7), systematic study of their effects in CHF has been 
limited because of the lack of a suitable animal model. 
Our previous studies have shown that one model of 
CHE, doxorubicin-induced cardiomyopathy in the 
rabbit, exhibits many features in common with 
chronic low-output CHF in humans (8-10). 

In the present study the cardiovascular effects of 
two commonly used volatile anesthetic agents, 
halothane and isoflurane, were compared at different 
stages of CHF in doxorubicin-treated rabbits and in 
control animals. Changes in systemic hemodynam- 
ics, in regional blood flows to renal and hindlimb 
vascular beds, and in plasma renin activity were 
examined. The rabbits were studied at 4, 6, and 7 wk 
of treatment during the development of heart failure 
and at two different levels of anesthesia for each 
agent. Angiotensin-converting enzyme inhibition is 
an established treatment of CHF (11,12) and may 
also have a place in the intraoperative management 
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of CHF (13,14). We therefore also examined the 
interaction between acute enalaprilat infusion and 
halothane anesthesia at different stages of CHF. 


Methods 


Experiments were performed in 16 New Zealand 
White rabbits weighing 2.3-3.5 kg and aged 
14-18 wk. The study was approved by the Prince 
Henry’s Hospital Research Advisory and Ethics Com- 
mittee and conformed with the guidelines of the 
National Health and Medical Research Council of 
Australia. | 

In eight rabbits, heart failure was induced by the 
intravenous administration of 1 mg/kg of doxorubicin 
(Adriamycin, Farmitalia Carlo Erba) twice weekly for 
7 wk. A control group of eight rabbits received only 
saline injections but were handled and housed in a 
similar manner. 

Preliminary surgery was performed after 2 wk of 
doxorubicin treatment. General anesthesia was in- 
duced with 10 mg/kg of intravenous methohexitone 
and maintained with halothane after endotracheal 
intubation. An abdominal approach was used to 
implant pulsed-Doppler flow probes (1-mm‘? crystals) 
on the left renal artery and on the abdominal aorta 
just above its bifurcation (15). A left thoracotomy was 
also periormed and a Doppler probe was applied to 
the ascending aorta. Wires from each crystal were 
buried subcutaneously. After surgery, doxorubicin 
treatment was not restarted for at least 1 wk and was 
interrupted if the rabbit was losing weight. The initial 
experiments were performed after completion of 4 wk 
of doxorubicin treatment and were therefore sepa- 
rated from the surgery by at least 3 wk. 

On each experimental day, catheters were placed 
in an ear artery and vein and the Doppler wires were 
exteriorized using 0.5% lignocaine local anesthesia. 
The rabbits were then placed in a sealed Perspex box 
supplied with 4 L/min of a mixture of air and oxygen. 
Resting observations were made over the 30 min 
before administration of halothane or isoflurane. 

Mean arterial pressure (MAP) was measured using 
a Hewlett-Packard transducer and was used to trigger 
a pulse-interval meter (Baker Medical Research Insti- 
tute, Melbourne, Australia). All signals were contin- 
uously recorded on computer (Macintosh SE, Apple 
Computer Inc., Cupertino, Calif.) using an A/D con- 
verter (MacLab, Analog-Digital Instruments, Dune- 
din, New Zealand). The three Doppler crystals were 
connected to a pulsed-Doppler flowmeter (model 
545C-3; Bioengineering, University of Iowa, Iowa 
City, lowa). Flows were measured as kilohertz Dopp- 
ler shift and calibrated with a frequency generator. 
Doppler signals from the renal artery (renal blood 
flow, RBF) and lower aorta (hindlimb blood flow, 
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HBF) were adjusted using the range control to give 
maximum output and the clearest signal. These Dopp- 
ler crystals were mounted in Dacron cuffs and re- 
quired readjustment of the range at each experiment, 
so that it was not possible to compare resting levels of 
RBF and HBF over the 3-wk experimental period. The 
ascending aorta Dopplers were mounted in polysty- 
rene shells and were used to measure cardiac output 
(CO) after adjustment to detect the axial flow signal. 
This system was calibrated against thermodilution 
CO using an aortic thermistor in a separate series of 
four rabbits. A linear correlation (r = 0.92) was 
obtained over the range 0.5-1.5 L/min. 

The volatile anesthetic agents were delivered in 
oxygen from Fluotec Mark 2 vaporizers at a flow rate 
of 4 L/min. The anesthetic concentration in the exit 
gas from the rabbit box was measured continuously 
with a crystal detector (Servo Gas Monitor 120, 
Siemens-Elema AB, Sweden). 

Experiments were performed in three groups: after 
4, 6, and 7 wk of doxorubicin treatment, or after 
similar periods in the control group. The volatile 
anesthetics were each administered for 30 min at 
0.7 MAC (minimum alveolar concentration) for the 
rabbit and then at 1.3 MAC for 30 min. This corre- 
sponds to 1 and 2 vol% halothane and 1.5 and 3 vol% 
isoflurane (16). In each group of experiments, there 
was a recovery period of at least 4 h between the 
administration of halothane and isoflurane, and the 
order of administration was randomized. The two 
concentrations of each anesthetic were administered 
for consecutive 30-min periods during which an ap- 
proximate steady state was reached as indicated by 
the cardiovascular variables. Mean arterial pressure, 
CO, heart rate, RBF, and HBF were averaged for the 
final 10 min at each anesthetic concentration. Arterial 
blood samples (0.5 mL) were also taken for blood gas 
analysis and renin assays at this time. The samples 
for renin assay were collected on ice, immediately 
centrifuged, and the plasma was stored at —20°C 
until assayed by radioimmunoassay (17). 

The effect of enalaprilat on the response to 
halothane was studied on a separate day. After the 
initial rest period, enalaprilat was administered as a 
0.2-mg/kg intravenous bolus followed by an infusion 
of 0.003 mg-kg~'-min~*. This regimen reduces con- 
verting enzyme activity in the rabbit to less than 3% 
of control (18). Measurements were averaged for 
10-min periods: 20 min after starting the enalaprilat, 
after 30 min of 0.7 MAC halothane, and after 30 min 


of 1.3 MAC halothane. 


Levels of the hemodynamic variables were com- 
pared by analysis of variance. The factors used were 
rabbits, anesthetics, enalaprilat treatment, week of 
study, and doxorubicin treatment. Specific contrasts 
were made by partitioning of the analysis of variance. 
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Figure 1, Mean arterial pressure (MAP), heart rate, and cardiac 
output (CO) in conscious resting rabbits after 4, 6, and 7 wk of 
treatment. Left: control group (n = 8), saline injections only. Right: 
heart failure group (n = 8), doxorubicin (1 mg/kg IV twice weekly). 
Error bars indicate sEM for each experimental group derived from 
analysis of variance. sem = (error mean square/n)'*, *P < 0.05 for 
orthogonal comparisons of means. 


The Bonferroni correction was.made to multiple, 
nonorthogonal contrasts. In the figures, the hemody- 
namic variables are shown as between-rabbit means 
with error bars indicating 1 standard error of the 
mean (SEM). 


Results 
Conscious Animals 


Resting hemodynamic measurements in the two 
groups are shown in Figure 1. The control group 
showed no significant change in resting MAP, CO, 
heart rate, or regional blood flows with time. In the 
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doxorubicin-treated group, there was a reduction 
after 6 wk in MAP (14%, P < 0.05) and CO (16%, P < 
0.05) and a 13% increase in heart rate (P < 0.01) at 
7 wk. 


Anesthesia 


The rabbits tolerated each anesthetic without appar- 
ent distress. At the lower concentration (0.7 MAC) of 
each agent, they continued to move spontaneously in 
the experiment box and would react to external 
stimuli. The higher concentration (1.3 MAC) induced 
general anesthesia and, although ventilation was not 
controlled, respiratory rate was unchanged. The de- 
gree of respiratory depression did not differ between 
the anesthetic agents or with the development of 
CHF. With 1.3 MAC anesthesia, the mean partial 
arterial pressure of carbon dioxide for both groups 
was only slightly raised from 29.6 + 1.4 to 35.1 + 
2mm Hg and, with an inspired oxygen concentration 
of 70%, the mean partial arterial pressure of oxygen 
was 322 + 19 mm Hg. 

There was no significant change in the circulatory 
responses of the control group to either anesthetic 
over the 3-wk experimental period (Table 1), so in 
Figures 2-5 the average result from the three experi- 
ments in normal rabbits is shown in the left panel 
(control). At 1.3 MAC, halothane and isoflurane 
reduced MAP in normal rabbits by 17% and 19%, 
respectively (Figure 2, P < 0.01). This was associated 
with similar increases in heart rate with each anes- 
thetic (halothane from 230 to 293 beats/min, P < 
0.005; isoflurane from 240 to 294 beats/min, P < 
0.005). Cardiac output was not changed significantly 
with either anesthetic (Figure 3), but at 1.3 MAC 
halothane reduced RBF by 24% (P < 0.05) and iso- 
flurane reduced RBE by 21% (P < 0.05). At 1.3 MAC 
halothane reduced HBF by 21% (P < 0.05), but 
isoflurane did not significantly alter HBF. 

In the CHF group, resting MAP was lower after 6 
and 7 wk of doxorubicin treatment. At the lower 
concentration (0.7 MAC), halothane did not signifi- 
cantly alter MAP at any stage of doxorubicin treat- 
ment, but 0.7 MAC isoflurane reduced MAP by 7% 
(5 + 2 mm Hg, P < 0.05) after 6 and 7 wk of drug 
treatment. At this stage of CHF, 1.3 MAC halothane 
and isoflurane had similar effects on MAP. The 
average decrease in MAP of 22% (16 + 4mm Hg) was 
similar to that in controls, but the hypotension during 
anesthesia was more pronounced because of the 
lower resting MAP (P < 0.05). In the CHF group, the 
heart rate during anesthesia did not change at weeks 
4, 6, and 7 of doxorubicin treatment. However, 
resting heart rate increased with the development of 
cardiac failure and the responses to each anesthetic 
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Table 1. Comparison Between the Responses to Anesthesia in Eight Control Rabbits at 4, 6, and 7 Weeks of the Study 


MAP 
(mm Fig) 


2 

3 
—16 
—10 


Week MAC Agent 


1.3 


1.3 


1.3 


TIONI 
i 
N 


F (2,12 df) 1.01 
between 
weeks 
NS 


Change due to anesthesia 


HR CO RBF HBE 
(beats/min) (kHz Ds) (kHz Ds) (kHz Ds) 

35 0.4 ~—{0.2 0.4 
50 0.4 —0.4 —0.5 
63 —0.1 —1.3 ~ Í 
68 0.1 — 1.4 —0.4 
39 0.1 —0.8 ~Li 
38 —0.1 —0.6 —0.4 
40 —0.4 ~1.7 ~2.4 
38 —0.3 ~ 1.1 0.1 
27 0.4 0.4 0.4 
51 0.2 —0.8 ~—0.6 
52 0.7 — LA —0.1 
50 0.8 ~1.5 —1.1 

2.05 2.62 2.75 1.09 
NS NS NS NS 


kHz Ds, kilohertz Doppler shift; H, halothane; I, isoflurane; MAP, mean arterial pressure; HR, heart rate} CO, cardiac output; RBF, renal blood flow; 
HBF, hindlimb blood flow; F, within-animals comparison of response at 4, 6, and 7 wk by analysis of variance; NS, not significant (P > 0.05). 
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Figure 2. Mean arterial pressure (MAP) and heart rate (HR) in two groups of rabbits and at two anesthetic concentrations (0.7 and 
1.3 MAC) for halothane and isoflurane anesthesia. The averaged responses of the control group (n = 8) for the three experiments are shown 
at the left of each panel. The results for the CHF group are shown as weeks 4, 6, and 7 of treatment. Error bars indicate standard error of 


mean from analysis of variance. 


were significantly attenuated after 6 wk of treatment 
(P < 0.05 for treatments x times interaction, Figure 2). 

Anesthetic-induced changes in CO, RBF, and HBF 
with weeks of doxorubicin treatment are shown in 
Figure 3 together with the mean changes in the 
control group. In the CHF group, CO was not signif- 


icantly changed by isoflurane anesthesia at 0.7 or 
1.3 MAC. However, there was a progressively greater 
decrease in CO due to 1.3 MAC halothane with the 
development of CHF, reaching 20% at the 7-wk study 
(P < 0.05). In the CHF group, 0.7 MAC halothane 
reduced RBF by an average of 8% and 0.7 MAC 


L es 
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Figure 3. Change from mean awake 
values at two concentrations of 
halothane and isoflurane for cardiac 
output (CO), renal blood flow (RBF), 
and hindlimb blood flow (HBF) in two 
groups of rabbits: controls (n = 8, aver- . 
age responses) and CHF (n = 8, weeks 
4, 6, and 7 of treatment). Blood flows 
measured as kHz Doppler shift from 
chronically implanted pulsed-Doppler 
flowmeters. Error bars indicate standard 
error of mean change. 


RBF kHz shift 


HBF kHz shift 
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CONTROL WEEK 4 WEEK 6 WEEK 7 


isoflurane reduced RBF by 15% (P < 0.05). At 
1.3 MAC, RBF decreased by 25% with halothane and 
30% with isoflurane (P < 0.01). These RBF responses 
did not differ significantly between anesthetics, be- 
tween the control and CHF groups, or between 
weeks within the groups. No significant changes in 
HBF were found with isoflurane anesthesia. After 
7 wk of treatment with doxorubicin, there was a 
decrease in HBF of 18% during halothane anesthesia 
(P < 0.05), similar to the 21% decrease observed in 
the control group. 

Plasma renin concentrations increased with anes- 
thesia, but there was no significant difference be- 
tween the responses to halothane and isoflurane. The 
average renin increase of 16.1 ng/mL in the CHF 
group at 7 wk was significantly greater (P < 0.005) 
than the increase of 9.6 ng/mL in the controls. 


Enalaprilat Infusion 


In conscious controls, enalaprilat caused a small 
decrease in MAP and increase in heart rate (Figure 4). 
During enalaprilat infusion, there was a progressive 
reduction in MAP with 0.7 and 1.3 MAC halothane 
(P < 0.05), and MAP was significantly lower than 
with halothane alone (P < 0.01). The increase in heart 
rate with enalaprilat and halothane (P < 0.005) was 
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similar to that with halothane alone. During enalap- 
rilat infusion, resting CO and RBF were increased in 
control rabbits by 17% (P < 0.05) and by 20% (P < 
0.025), respectively (Figure 5). The decrease in RBF 
seen during halothane anesthesia was abolished by 
the enalaprilat infusion. 

In the CHF group, enalaprilat again caused a 
further reduction in MAP during halothane anesthe- 
sia (Figure 4). After 7 wk of doxorubicin treatment, 
MAP decreased by 34% from 70 mm Hg (resting) to 
46 mm Hg (standard error of difference, 5 mm Hg) 
with enalaprilat plus 1.3 MAC halothane. Cardiac 
output during halothane plus enalaprilat was main- 
tained in the CHF group except after 7 wk of doxo- 
rubicin treatment when CO decreased with 1.3 MAC 
halothane (Figure 5). In CHF rabbits enalaprilat also 
prevented the decrease in RBF produced by 
halothane anesthesia at both 0.7 and 1.3 MAC, except 
during the higher anesthetic dose after 7 wk of 
doxorubicin treatment. Enalaprilat infusion had little 
effect on the HBF changes during halothane anesthe- 
sia (Figure 5). 


Discussion 


Activation of neurohumoral systems in CHF results 
in peripheral circulatory changes, redistribution of 
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Figure 4. Mean arterial pressure (MAP) and heart rate (HR) i in the 
conscious rabbits (Rest), during enalaprilat infusion (E), enalaprilat 
with 0.7 MAC halothane (E+H.7), and enalaprilat with 1.3 MAC 
halothane (E+H1.3). Averaged responses of the control group are 
shown on the left, and the responses in the group with heart failure 
after 4, 6, and 7 wk of treatment are shown on the right. Error bars 
indicate standard error of mean change from analysis of variance. 


CO, increased cardiac load, and further deterioration 
in function. Ventricular irritability is also increased 
and there is a high incidence.of sudden death (19). It 
is not surprising, therefore, that. the Goldman index 
alone will not identify many patients ‘who are at risk 
(1,20). Patients with mild-to-moderate CHF fre- 
quently require anesthesia, particularly for associated 
coronary or peripheral vascular disease. Their in- 
creased morbidity may be related to alterations in the 
pattern of cardiovascular responses to individual an- 
esthetic drugs, but this is difficult to determine in 
humans. 

The pathological, hemodynamic, and hormonal 
changes associated with doxorubicin-induced CHF in 
the rabbit have been described in previous studies 
(8-10) and reflect the changes associated with CHF in 
humans. Over a 7-wk period, the rabbits develop a 
severe cardiomyopathy with interstitial fibrosis, 
biventricular dilatation, and hypertrophy. Exercise 
capacity is reduced progressively as the cumulative 
dose of doxorubicin increases (21). There is a high 
mortality after 7 wk of treatment, and ascites and 
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Figure 5. Changes from resting in cardiac output (CO), renal blood 
flow (RBF), and hindlimb blood flow (HBF) during enalaprilat 
infusion (E), enalaprilat with 0.7 MAC halothane (E+H.7), and 
enalaprilat with 1.3 MAC halothane (E+H1.3). The left panel 
shows the average responses in the control group, and responses 
in the group with heart failure after 4, 6, and 7 wk of treatment are 
shown on the right. Error bars indicate standard error of mean 
change from analysis of variance. 


pleural effusions are commonly found at postmor- 
tem. There is a progressive increase in plasma nor- 
adrenaline and in plasma renin activity between 4 
and 8 wk despite an increased blood volume. Renal 
blood flow measurements using either radiolabeled 
microspheres ‘or [*"IJorthoiodohippurate show an 
early reduction, before any reduction in ‘CO, al- 
though renal histology and mesenteric blood flow are 
unchanged. Renal sympathetic nerve activity (RSNA) 
is increased after only 4 wk of treatment and barore- 
ceptor-induced changes in RSNA are increased early 
but blunted late in this model of CHF (22)..In the 
present study, responses to anesthesia were tested 
between 4 and 7 wk of doxorubicin treatment ‘to 
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correspond with early and established heart failure. 
In conscious rabbits, the MAP, CO, and heart rate 
changes associated with the development of CHF 
were similar to those previously described. With the 
pulsed-Doppler technique it was not possible to mea- 
sure absolute levels of RBF and HBF or to compare 
flows at different stages of CHF. However, the tech- 
nique did allow changes in regional blood flows to be 
determined during the acute experiments. 

The cardiovascular responses to anesthesia of the 
control rabbits in the present study were similar to 
responses in humans. There were dose-related de- 
creases in MAP and RBF with both isoflurane and 
halothane. Only halothane reduced hindlimb (mus- 
cle) blood flow. With isoflurane HBF was maintained, 
consistent with its vasodilator effect in muscle. How- 
ever, neither anesthetic significantly reduced CO in 
normal rabbits, which is in contrast to the effect of 
halothane on CO in humans. Cardiac output was 
maintained during halothane anesthesia in the rabbit 
by a marked increase in heart rate not found in 
humans. The rabbit has a small heart size relative to 
body weight, and changes in CO are primarily deter- 
mined by changes in heart rate rather than by stroke 
volume. Both isoflurane and halothane reduce RBF in 
humans (23,24), but there are conflicting reports on 
the RBF effects of isoflurane from animal studies 
(25,26). The effects seen in this study in rabbits are 
similar to those observed in humans. 

The reduction in RBF owing to anesthesia was 
similar with both volatile anesthetics. Neurohumoral 
mechanisms are likely to be responsible for this, 
including an increase in RSNA. Volatile anesthetics 
are potent depressors of arterial baroreceptor re- 
sponses (7). Therefore, an increase in renal sympa- 
thetic tone during anesthesia might be due to re- 
moval of an inhibitory effect on the RSNA from 
baroreceptor-dependent pathways. 

As CHF developed with doxorubicin treatment, 
there was an attenuation of the heart rate response to 
halothane and isoflurane anesthesia. This is consis- 
tent with the progressive impairment of arterial 
baroreceptor function in this model (22). Both anes- 
thetic agents were associated with absolute decreases 
in MAP and RBF in the animals with heart failure that 
were similar to those in controls. However, the lower 
resting values increase the significance of the blood 
pressure changes. Although absolute resting RBF 
was not determined in this study, it is known to be 
reduced by 30% after 6 wk of doxorubicin treatment 
and decreases further thereafter (10). Therefore, the 
dose-related decreases observed in RBF with each 
anesthetic in the CHF group are also very significant. 

Halothane, but not isoflurane, reduced CO in the 
more advanced stages of CHF in this study. Studies 
of isolated cardiac muscle suggest that direct cardiac 
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depression owing to halothane is not potentiated in 
CHF, but the net reduction in contractility may be 
more significant (27). Combined with the blunted 
heart rate response to anesthesia, this could explain 
the decrease in CO seen in the CHF group, but not in 
controls. Isoflurane has been reported to have a 
smaller negative inotropic effect than halothane in 
animal studies, and this is supported by clinical 
observations (5,28,29). Hindlimb blood flow was also 
maintained during isoflurane anesthesia, but not 
with halothane. The changes in HBF, reflecting pre- 
dominantly muscle blood flow, were similar in CHF 
and control rabbits. In this model of CHF, we have 
previously shown that exercise induces an exagger- 
ated sympathetic vasoconstriction in both the renal 
and hindlimb vascular beds (30,31). In the present 
study, no such exaggerated response was found with 
anesthesia. 

Plasma renin levels increased with each anesthetic 
in both the control and CHF rabbits. In the rabbit, 
renin release occurs even with mild stress such as the 
insertion of an intravenous catheter (32). This may 
have accounted for part of the renin release, but not 
for the difference between the control and CHF 
groups. Both increased sympathetic activity and re- 
duced RBF would be likely factors contributing to the 
exaggerated renin response in the CHF group. 

Enalaprilat has been shown to improve survival in 
severe CHF in humans and may also improve exer- 
cise capacity (11,33), although the mechanisms are 
unknown. In patients without cardiac failure, pre- 
operative enalaprilat reduces MAP during anesthesia 
but does not influence the autonomic responses to 
postural change or endotracheal intubation (34). The 
effect of intraoperative intravenous enalaprilat treat- 
ment of a patient with CHF has recently been re- 
ported (14). After the acute development of left- 
ventricular failure, enalaprilat greatly increased CO 
and reduced heart rate with only a small reduction in 
MAP. In the present study, acute administration of 
intravenous enalaprilat in rabbits with CHF produced 
an increase in CO and RBF with only minor changes 
in MAP and heart rate. This favorable response was 
obtained at each stage of CHF studied. Enalaprilat 
infusion, commenced before halothane administra- 
tion, prevented the decrease in RBF in both control 
and CHF rabbits. This occurred despite a greater 
decrease in MAP than with halothane alone. Only at 
the 7-wk stage of CHF was RBF reduced by the higher 
concentration of halothane and enalaprilat. 

Despite the activation of several vasoconstrictor 
systems and a reduction in cardiac reserve in this 
model of CHF, differences in the cardiovascular ef- 
fects of halothane and isoflurane were not particu- 
larly exaggerated, although isoflurane caused less 
hemodynamic disturbance than halothane. The re- 
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. sults suggest that higher concentrations of halothane 
can reduce CO to critical levels and that either anes- 
thetic may cause a severe reduction in RBF, even 
when CO is maintained. Although the use of an- 
giotensin-converting enzyme inhibitors in CHF is 
well established, further clinical studies are needed to 
determine their role in the perioperative period. 
Enalaprilat infusions during anesthesia in patients 
with CHF may reduce morbidity caused by regional 
ischemia. The present study found a relatively severe 
circulatory depression with the combination of 
halothane and enalaprilat in the presence of late 
CHF. This was not unexpected as the use of a potent 
myocardial depressant is likely to block the reflex 
increase in CO that normally follows the afterload 
reduction caused by enalaprilat. It may be necessary 
to avoid higher concentrations of volatile anesthetics 
during enalaprilat treatment in patients with heart 
failure. 
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Halothane Increases Epinephrine Threshold for the 
Development of Slow Responses in Isolated 


Canine Trabeculae 


Shuzo Oshita, MD, Hideo Oka, MD, Izumi Hiraoka, MD, and Hiroshi Takeshita, MD 
Department of Anesthesiology, Yamaguchi University Hospital, Ube, Yamaguchi, Japan 


We studied halothane/epinephrine interaction in iso- 
lated canine trabeculae using the doses of epineph- 
rine necessary to produce slow responses (epineph- 
rine threshold for the development of slow responses, 
ETSR) as an indicator. The preparations were depo- 
larized in Tyrode’s solution containing 26 mmol/L of 
KCI, then epinephrine concentrations in the solution 
were increased in a stepwise manner. Halothane (1%) 
had no significant effect, whereas 2% and 4% 
halothane significantly increased the ETSR. a,- 
Blockade with either 4, 8, or 16 ng/mL of prazosin or 
20, 40, or 80 ng/mL of droperidol did not alter the 
ETSR, whereas B,-adrenergic blockade with 8, 17, or 
34 ng/mL of metoprolol significantly increased the 
ETSR. The same trend was observed when either 


alothane reduces the dose of epinephrine 

required to produce ventricular arrhythmias 

both in experimental animals (1) and in pa- 
tients (2). This phenomenon has been called 
halothane-induced “sensitization” of the myocar- 
dium. Maze and Smith (3) recently postulated that 
halothane directly sensitizes the myocardium to epi- 
nephrine, whereas Zink et al. (4) and Atlee and 
Bosnjak (5) suggested that halothane’s influence on 
the myocardium is not responsible for the more 
sensitive response to the arrhythmogenic properties 
of epinephrine. Katz and Epstein (6) stated that 
myocardial B-adrenoceptors were more responsible, 
whereas Maze and Smith (3), Spiss et al. (7), and 
Maze et al. (8) suggested that myocardial œ- rather 
than f£,-adrenoceptors are predominant in the 
halothane/epinephrine interaction. These uncertain- 
ties are largely due to the fact that most previous 
studies were performed in the in vivo experimental 
model in which data are affected by many factors— 


Accepted for publication June 11, 1991. 

Address correspondence to Dr. Oshita, Department of Anes- 
thesiology, Yamaguchi University Hospital, Ube, Yamaguchi 755, 
Japan. 


©1991 by the International Anesthesia Research Society 
0003-2999/91/$3.50 


8 ng/mL of prazosin or 17 ng/mL of metoprolol was 
given in combination with 2% halothane. Verapamil 
(5, 10, or 20 ng/mL) increased the ETSR in a dose- 
dependent manner. These results indicate that 
halothane decreases rather than increases the sensi- 
tivity of slow calcium channels to epinephrine and 
that any increase above the baseline ETSR after 
halothane administration cannot be ascribed to 
halothane/adrenoceptor interaction but rather to cal- 
cium entry—blocking effects of halothane. As slow 
responses are induced by the activation of slow 
calcium channels, our findings are consistent with 
known data that halothane can interfere with slow 
calcium channel conductance. 

(Anesth Analg 1991;73:449-54) 


hemodynamic, neural, and metabolic—as well as by 
the direct effects of drugs on the myocardium. Ac- 
cordingly, in vitro experiments may be necessary to 
explore the direct effects of halothane on the myocar- 
dial sensitivity to epinephrine. 

In isolated, partially depolarized, guinea pig myo- 
cardium, Ehara et al. (9) studied the effects of tem- 
perature on the myocardial sensitivity to catechol- 
amines using the sensitivity of slow calcium channels 
to catecholamines as an indicator. In their experimen- 
tal model, catecholamine-induced increases in slow 
channel conductance produced a depolarization of 
the resting membrane in quiescent ventricular mus- 
cle. The depolarization was enhanced and often led 
to an automatic activity as temperature decreased. 
These results suggest that the sensitivity of slow 
calcium channels to catecholamines reflects, at least 
in part, myocardial sensitivity to catecholamines and 
that the sensitivity of myocardium to catecholamines 
is increased at lower temperatures. To explore the 
halothane/epinephrine interaction in an in vitro ex- 
perimental model, we also used the sensitivity of 
slow calcium channels to epinephrine, i.e., the doses 
of epinephrine necessary to produce slow responses 
(epinephrine threshold for the development of slow 
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responses, ETSR) as an indicator and studied the 
effects of halothane, selective œ- (prazosin, droperi- 
dol) and 8,- (metoprolol) adrenergic receptor antag- 
onists, and calcium entry blocker (verapamil), alone 
or in combination with halothane, on the ETSR in 
isolated, partially depolarized canine trabeculae. 


Methods 


Our protocol was approved by the animal investiga- 
tion committee of the hospital. Thirty-five unpremed- 
icated mongrel dogs of either sex weighing 13-21 kg 
were anesthetized with 3% enflurane in oxygen. The 
trachea was intubated and the lungs were ventilated 
through a volume-limited Harvard pump. The beat- 
ing heart then was removed by sternotomy and was 
immediately placed in oxygenated Tyrode’s solution 
at room temperature. The trabeculae (greater than 
10 mm in length and 1-2 mm in diameter) were 
dissected from the right ventricle and were pinned on 
a small silicon rubber platform. The preparations 
were stimulated with constant-current pulses intro- 
duced at the cut end through small bipolar Ag/AgCl 
electrodes. The stimulation rate was 0.5 Hz, and the 
stimuli were either of 1-ms duration and barely above 
threshold (mostly 1 mA) in standard Tyrode’s solu- 
tion (concentrations in mmol/L: NaCl, 125; KCI, 5.4; 
CaCl, 1.8; MgCl, 1.05; NaHCO,, 24; NaH, PO, 0.42; 
and glucose, 5.5), or of 10-ms duration and 5 mA in 
strength in K*-rich Tyrode’s solution containing 
26 mmol/L of KCl. Individual preparations were 
equilibrated for at least 60 min in standard Tyrode’s 
solution before the start of experiments, then they 
were depolarized with K*-rich Tyrode’s solution to 
determine ETSR. Standard and K*-rich Tyrode’s so- 
lution were aerated with 95% O./5% CO,, and the pH 
of both solutions were maintained at 7.3-7.4. 
Vigorous contractions due to epinephrine fre- 
quently dislodged the intracellular electrode. Hence, 
the cardiac electrograms were recorded from the 
surface of the preparations. In our experimental 
model, high extracellular resistance was essential to 
obtain a reliable extracellular voltage drop along the 
preparations. For this purpose, the preparations were 
surrounded with a uniform and very thin layer of 
Tyrode’s solution. The perfusion apparatus has been 
previously described and illustrated (10). Briefly, the 
preparations, pinned on a small silicon rubber plat- 
form, were covered by a single layer of cotton mesh. 
One end of the preparation was placed at the lumen 
of a l-mm tube through which oxygenated 37°C 
Tyrode’s solution flowed at a rate of 3 mL/min main- 
tained constant by a roller perfusion pump. A similar 
tube was placed at the other end and connected to a 
suction apparatus that was carefully adjusted to pro- 
vide a thin layer of fluid around the preparations. 
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Two glass microelectrodes filled with 3 mol/L of KCl 
(resistance 10-20 MQ) were used to record cardiac 
electrograms. One recording electrode was placed 
1-1.5 mm from the stimulation electrodes, and the 
other reference electrode was placed just beyond the 
preparation in the fluid stream coming from the 
perfusion tubing. Extracellular voltage drop was re- 
corded by differential-input high-impedance ampli- 
fier (Nihon Kohden AVM-10) coupled with a cathode 
follower (Nihon Kohden MEZ-7101) and displayed 
on a Nihon Kohden VC-10 oscilloscope. 

Fast sodium channels were inactivated by partially 
depolarizing the preparations in K‘-rich Tyrode’s 
solution, and slow calcium channels were activated 
by adding epinephrine to the solution. Propagating 
slow responses were generated when the epineph- 
rine concentrations in the solution reached ETSR. In 
the present study, ETSR was defined as the dose of 
epinephrine required to produce nine or more con- 
tinuous or intermittent slow responses within the last 
3 min of a 15-min infusion, which was sufficient time 
to produce stable effects. If the ETSR was not 
achieved during 15 min of constant infusion at one 
concentration of epinephrine, another solution con- 
taining a standardized logarithmically spaced higher 
dose of epinephrine (i.e., 1.58, 2.00, 2.51, 3.16, etc, 
x 10°” mol/L) was infused, and the procedure was 
repeated until the ETSR was established. 

The ETSR was determined before (baseline) and 
30 min after administration of each concentration of 
halothane (1%, 2%, 4%, n = 7), prazosin (4, 8, 
16 ng/mL, n = 7), and metoprolol (8, 17, 34 ng/mL, 
n = 7). The ETSR was also determined at 2% 
halothane, alone or in combination with either 
8 ng/mL of prazosin or 17 ng/mL of metoprolol (n = 
8). In a separate set of experiments, the effects of 
droperidol (20, 40, 80 ng/mL, n = 3) and verapamil (5, 
10, 20 ng/mL, n = 3) on the ETSR were evaluated. 
Halothane was equilibrated with Tyrode’s solution in 
reservoir by passing the 95% O./5% CO, through the 
calibrated vaporizer for at least 30 min before appli- 
cation to the preparation. The concentrations of 1%, 
2%, and 4% halothane in solution, verified by gas 
chromatography (Shimadzu GC-4), were 9.6 + 0.2, 
22.5 + 0.7, and 41.3 + 0.5 mg/dL (mean + SEM, n = 
8-10), respectively. Other drugs were dissolved in 
Tyrode’s solution at each concentration. The initial 
concentration and the order of subsequent concentra- 
tions of drugs were randomized to avoid a possible 
systematic time-dependent effect. 

One-way analyses of variance with critical- 
difference testing were used to determine statistical 
significance between the baseline values and the 
values obtained at each concentration for each drug. 
A P value of <0.05 was considered statistically sig- 
nificant. 
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Figure 1. Typical- cardiac electrograms recorded from a canine 
trabeculae placed on a small silicon rubber platform and sur- 
rounded with a thin layer of Tyrode’s solution. [K*]e and epineph- 
rine in this figure represent extracellular potassium (mmol/L) and 
epinephrine concentrations (x10-7 mol/L), respectively. Note that 
in standard Tyrode’s solution (left panel), the biphasic deflection of 
the initial complexes of the cardiac.electrograms was very rapid, 
suggesting the genesis of fast responses, whereas in K*-rich 
Tyrode’s solution containing 5.01 x 107 mol/L epinephrine (right 
panel), the initial deflection was very slow, suggesting the genesis 
of slow responses. Only a stimulation artifact was obtained in 
K*-rich Tyrode’s solution containing 3.98 x 107 mol/L epineph- 
rine (middle panel). : 


Results 


Figure 1 illustrates representative electrograms re- 
corded from the surface of the same preparation. As 
can be seen in the left panel of this figure, cardiac 
electrograms characterized by the biphasic and rapid 
deflection of the initial complexes and by the follow- 
ing isoelectric ST segments and T waves (11) were 
recorded in standard Tyrode’s solution. In K*-rich 
Tyrode’s solution, only a stimulation artifact was 
recorded at 3.98 x 10~” mol/L of epinephrine (middle 
panel), whereas cardiac electrograms with very slow 
deflection of the initial complexes were obtained at 
5.01 x. 1077 mol/L of epinephrine (right panel). Be- 
cause the initial positive-negative deflection corre- 
sponds in time to the upstroke of the transmembrane 
action potential (11), cardiac electrograms with rapid 
deflection indicate the genesis of fast responses (left 
panel), whereas those with slow deflection indicate 
the genesis of slow responses (right panel). As more 
than nine slow responses were obtained within the 
last 3 min in K*-rich Tyrode’s ‘solution containing 
5.01 x 107 mol/L of epinephrine, the ETSR at this 
condition was determined as 5.01 x 107” mol/L. 

_ The mean ETSR values obtained before (baseline) 
and at each concentration for each drug are shown in 
Figures 2-6. As shown in Figure 2, 1% halothane had 
no significant effect, whereas 2% and 4% halothane 
significantly increased the ETSR twofold and fivefold, 
respectively. .a,-Blockade with either 4, 8, or 
16 ng/mL of prazosin (Figure 3) or 20, 40, or 80 ng/mL 
of droperidol (Figure 6) did not alter the ETSR, 
whereas -blockade with 8, 17, and 34 ng/mL of 
metoprolol significantly increased the ETSR twofold, 
fourfold, and sixfold, respectively (Figure 4). The 
effects of 8 ng/mL of prazosin and 17 ng/mL of 
metoprolol when given in combination with 2% 
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Figure 2. Epinephrine threshold for the development of slow 
responses (ETSR) at different concentrations of halothane. Bars 
represent mean + sEM. “Significantly different from the baseline 
value. 
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Figure 3. Epinephrine threshold for the development of slow 
responses (ETSR) at different concentrations of prazosin. Bars 
represent mean + SEM. 


halothane were almost the same as those obtained for 
either drug given alone. Compared with the ETSR 
obtained at 2% halothane, 8 ng/mL of prazosin did 
not alter the ETSR, whereas 17 ng/mL of metoprolol 
significantly increased the ETSR fivefold (Figure 5). 
Verapamil (5, 10, and 20 ng/mL) increased the ETSR 
in a dose-dependent manner (Figure 6). 


Discussion 


Our study differs from previous investigations be- 
cause the direct effects of halothane on myocardial 
sensitivity to epinephrine and the adrenoceptor 
mechanisms that mediate halothane/epinephrine in- 
teraction in isolated heart preparations were studied. 
As in the study of Ehara et al. (9), we also used the 
sensitivity of slow calcium channels to epinephrine, 
i.e., the ETSR, as an indicator for myocardial sensi- 
tivity to epinephrine. As epinephrine exerts its effects 
on the heart by increasing the slow channel conduc- 
tance (12), which is triggered by epinephrine/ 
adrenoceptor interaction, the responsiveness of slow 
calciùm channels to epinephrine in isolated heart 
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Figure 4. Epinephrine threshold for the development of slow 
responses (ETSR) at different concentrations of metoprolol. Bars 
represent mean + sEM. “Significantly different from the baseline 
value. 
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Figure 5. Epinephrine threshold for the development of slow 
responses (ETSR) at 2% halothane alone or in combination with 
either 8 ng/mL of prazosin or 17 ng/mL of metoprolol. Bars 
represent mean + sem. *Significantly different from the baseline 
value. #Significantly different from the value obtained at 2% 
halothane. 


preparations should reflect, at least in part, cardiac 
responses to epinephrine. Activation of the slow 
calcium channel initiates slow responses. The cellular 
electrophysiologic mechanisms for the occurrence of 
arrhythmias involve altered normal automaticity, ab- 
normal automaticity, triggered activity, and reentry 
(5), and among them, slow responses are thought to 
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Figure 6. Epinephrine threshold for the development of slow 
responses (ETSR) at different concentrations of either droperidol 
(open circle, n = 3) or verapamil (closed circle, n = 3). Three sets of 
points for each drug indicate results obtained from individual 
preparations. 


be responsible for both abnormal automaticity (13) 
and reentry (14). More importantly, a reentrant 
mechanism may underlie the arrhythmogenic inter- 
action between halothane and epinephrine (4,15). 
Therefore, we predicted that, at least in part, the 
threshold for epinephrine-induced arrhythmias as 
well as the sensitivity of myocardium to epinephrine 
could be investigated using the ETSR as an indicator. 

Halothane (2% and 4%) significantly increased the 
ETSR (Figure 2). This action of halothane is closely 
correlated with its direct action on slow calcium 
channels, i.e., calcium entry blocking action. Lynch 
et al. (16) reported that halothane depresses both the 
upstroke velocity and the contraction of slow re- 
sponses in isolated, partially depolarized guinea pig 
papillary muscles. [kemoto et al. (17) showed in the 
voltage-clamp experiments with single isolated rat 
ventricular cells that halothane reduces the slow 
inward current of the myocardium. In addition, our 
study showed that verapamil, like halothane, in- 
creases the ETSR in a dose-dependent manner (Fig- 
ure 6). If these in vitro results are applicable to 
surgical patients, our findings are indicative of an 
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antiarrhythmic action rather than an arrhythmia- 
producing action of halothane, and several recent 
experiments suggest that this may be the case. First, 
in dogs, increasing the concentration of halothane 
from 1.25 to 2.0 MAC increased the doses of epineph- 
rine required to produce ventricular arrhythmias (1). 
Second, halothane decreased the incidence of ventric- 
ular fibrillation in a canine model of acute occlusion/ 
reperfusion arrhythmias (18). Third, in Purkinje fi- 
bers derived from infarcted canine hearts, halothane 
decreased the rate of spontaneous activity originating 
from the ischemic region (19). Fourth, halothane 
opposed formation of catecholamine-induced de- 
layed after-depolarizations and triggered activity by 
altering intracellular calcium stores (20). 

To investigate the influence of halothane on epi- 
nephrine/adrenoceptor interaction, we then studied 
the effects of selective œ- and B,-adrenergic receptor 
antagonists, alone or in combination with halothane, 
on the ETSR. a,-Blockade with either prazosin (Fig- 
ure 3) or droperidol (Figure 6) did not alter the ETSR, 
whereas £,-blockade with metoprolol significantly 
increased the ETSR in a dose-dependent manner 
(Figure 4), suggesting that myocardial £,- rather than 
a,-adrenoceptors mediate most of the effects of epi- 
nephrine on the slow channel conductance. These 
results are consistent with the findings of Katz and 
Epstein (6) and Ehara et al. (9) that the f-actions of 
catecholamines on the myocardium cause an increase 
in the slow channel conductance. Our findings are 
also consistent with recent concepts regarding the 
membrane signaling mechanisms, which assume that 
B,-adrenergic stimulation activates slow calcium 
channels through an increased production of cyclic 
adenosine monophosphate and through subsequent 
activation of cyclic adenosine monophosphate-depen- 
dent protein kinase, whereas a-adrenergic stimula- 
tion mainly results in the mobilization of calcium 
from intracellular vesicles by activating the phospho- 
lipase C/inositol 1,4,5 trisphosphate (IP3) system (21- 
23). . 

The effects of prazosin and metoprolol on the 
ETSR were not influenced by halothane (Figure 5). If, 
as described above, the £,- rather than a,-actions of 
epinephrine on the myccardium cause an increase in 
the slow channel conductance, and accordingly if the 
ETSR mainly reflects epinephrine/B,-adrenoceptor in- 
teraction, these results may suggest that halothane 
has no effect on the binding affinities of adrenocep- 
tors, especially those of 8,-adrenoceptors of the myo- 
cardium. Thus, halothane-induced significant in- 
creases in the ETSR (Figure 2) could not be ascribed to 
halothane/B,-adrenoceptor interaction. These are 
consistent with Bernstein et al.’s data (24) that in a 
canine myocardial membrane preparation, halothane 
has no effect on either the affinity of B-adrenergic 
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receptors for [PH]dihydroalprenolol or [-isoprotere- 
nol, nor does it alter the number of available recep- 
tors at binding equilibrium. 

In an in vitro experimental model, halothane in- 
creased the ETSR in a dose-dependent manner (Fig- 
ure 2). As recent experimental findings indicate that 
the sensitivity of slow calcium channels to epineph- 
rine reflects, at least in part, myocardial sensitivity to 
epinephrine (9), these results may suggest that halo- 
thane decreases rather than increases the sensitivity 
of myocardium to epinephrine. If halothane does not 
directly sensitize the myocardium to the arrhyth- 
mogenic properties of epinephrine, the arrhyth- 
mogenic interaction between halothane and epineph- 
rine, observed in an in vivo state (1,2), might in part 
depend on their neural, metabolic, and hemodynamic 
mechanisms rather than direct actions on the myocar- 
dium. Atlee and Bosnjak (5) suggested that ventricular 
arrhythmias associated with halothane/epinephrine in- 
teraction are the result of the complex interplay of 
central neurogenic mechanisms. In addition, the data of 
Zink et al. (4), Hayashi et al. (25), and Hashimoto and 
Hashimoto (26) that epinephrine-induced increases in 
arterial blood pressure and/or heart rate played an 
important role in production of ventricular arrhythmias 
by epinephrine during halothane anesthesia suggest 
that the arrhythmogenic interaction of halothane and 
epinephrine might be mediated by the hemodynamic 
or metabolic mechanisms. On the other hand, our 
result showing that halothane has no effect on the 
binding affinities of B,-adrenoceptors of the myocar- 
dium may suggest that if halothane does sensitize the 
myocardium to the arrhythmogenic properties of epi- 
nephrine, the role of aœ,- rather than 6,-adrenoceptors 
would predominate. The observations of Maze and 
Smith (3), Spiss et al. (7), and Maze et al. (8) that 
myocardial a,-adrenoceptors are responsible for the 
ventricular arrhythmogenic effects of epinephrine, and 
those of Freeman and Muir (27) that a,-adrenergic 
stimulation significantly slows the conduction of pre- 
mature impulses in Purkinje fibers exposed to 
halothane, will support this. 

The arrhythmogenic doses of epinephrine are dif- 
ferent for different inhalation anesthetics such as 
halothane, enflurane, and isoflurane (2). Despite pro- 
fuse studies, a clear understanding of the reason for 
this has not been realized. Reentrant excitation (4,15) 
rather than abnormal automaticity or triggered activ- 
ity (20) has been invoked as an electrophysiologic 
mechanism for arrhythmogenic interaction between 
inhalation anesthetics and epinephrine. This form of 
reentry would be facilitated by abbreviation of the 
refractory period and by factors that slow conduction. 
Inhibition of active depolarization (decreased sodium 
current) and changes in passive membrane properties 
(increased internal longitudinal resistance) could lead 
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to decreased conduction velocity (10,28). Therefore, 
halothane’s reduction of the epinephrine dose re- 
quired to produce ventricular arrhythmias to a much 
greater extent than enflurane and isoflurane may 
suggest halothane’s arrhythmogenic effects (the ef- 
fects on refractory period, sodium channel conduc- 
tance, and passive membrane properties) are greater 
and/or its antiarrhythmic effects (calcium entry block- 
ing actions) aré smaller than those of enflurane and 
isoflurane. 

In conclusion, we found that halothane increases 
rather than decreases the ETSR in isolated partially 
depolarized myocardium. Any increase above the 
baseline ETSR after halothane administration could 
not be ascribed to halothane/adrenoceptor interaction 
but rather to the calcium entry blocking effects of 
halothane. 
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Simultaneous Cardiac Output Measurements by 
Transtracheal Doppler, Electromagnetic Flow Meter, and 
Thermodilution During Various Hemodynamic 


States in Pigs 
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The transtracheal Doppler (TID) method of cardiac 
output (CO) measurement was compared with ther- 
modilution (TDL) and aortic electromagnetic flow 
meter (EFM). Simultaneous CO measurements with 
the three methods were obtained during various 
hemodynamic states in eight pigs. Cardiac output 
ranged from 1 to 3 L/min during the study. For 128 
measurements, the mean difference + sp between 
TTD-TDL and TTD-EFM measurements was —0.037 
+ 0.24 L/min and —0.055 + 0.23 L/min, respectively. 
TDL-EFM mean difference + sp was —0.017 + 
0.15 L/min. The limits of the agreement between TTD 


measuring cardiac output (CO) in which a 

Doppler transducer is mounted on the distal 
end of an endotracheal tube. An electronic unit drives 
the transducer and processes the Doppler ultrasound 
information to obtain the ascending aorta diameter 
and the blood velocity. Cardiac output is then com- 
puted from the cross-sectional area of the aorta and 
blood velocity (1). In the limited comparisons of TTD 
with established methods of CO measurement (2-5), 
no information is available on the accuracy of this 
new method during changes in hemodynamic varia- 
bles such as heart rate, contractility, preload, and 
afterload, which may significantly modify the aortic 
diameter and/or blood velocity regardless of changes 
in CO (6). Insufficient data are available on the ability 
of the TTD method to track changes in CO, an 
essential requisite for any method that measures CO 
to gain wide clinical acceptance. 


r Transtracheal Doppler (TTD) is a new method of 
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and the reference methods were 0.4 to —0.5 L/min. 
The limits of agreement between the reference meth- 
ods were 0.3 to —0.3 L/min. Regression analysis 
yielded TTD = 0.383 + 0.779 TDL (r = 0.86); TTD = 
0.351 + 0.788 EFM (r = 0.87); TDL = 0.077 + 0.95 
EFM (r = 0.95). Only a change >0.6 L/min in TTD CO 
could predict with 95% confidence a change in TDL 
or EFM CO. These results suggest that, in the CO 
range of this study, the TTD method does not accu- 
rately reproduce the CO measurements obtained by 
TDL or EFM. 

{Anesth Analg 1991;73:455-9) 


The present study was therefore performed to 
compare the TTD method of CO measurement with 
two established ones, thermodilution (TDL) and aor- 
tic electromagnetic flow meter (EFM), in the presence 
of broad changes in CO and/or other hemodynamic 
variables induced by different interventions. 


Methods 
Surgical Preparation 


Fight miniature pigs weighing 22.1 + 1.5 kg (mean + 
SD) were anesthetized with 30 mg/kg of intravenous 
pentobarbital and paralyzed with 0.25 mg/kg of intra- 
venous metocurine. Endotracheal intubation was 
performed using a Doppler probe-tipped endotra- 
cheal tube. The lungs were mechanically ventilated at 
a rate of 12-16 breaths/min and a tidal volume of 
10-15 mL/kg to maintain normocapnia. Anesthesia 
was maintained using 2-mg/kg increments of pento- 
barbital hourly. Cannulas were placed in the femoral 
vein and artery for fluid and drug administration, for 
pressure monitoring, and for blood sampling. The 
electrocardiogram (lead II) was continuously dis- 
played. A 5F thermistor-tipped catheter (Spectramed, 
Oxnard, Calif.) was floated in the pulmonary artery 
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via the right internal jugular vein. A sternotomy was 
performed, the pericardium was opened, and an 
electromagnetic flow probe of appropriate size was 
placed around the aortic root, carefully avoiding 
obstruction of the vessel lumen. Snares were placed 
around the thoracic aorta and inferior vena cava to 
allow occlusion of these vessels. The pericardium was 
loosely closed with two stitches, the chest retractor 
was removed, and the sternum was left open. This 
study was approved by the institutional animal in- 
vestigation committee. 


Measurements 


Thermodilution CO was measured using 3 mL of 
ice-cold saline as injectate and a Companion cardiac 
output computer (Gould, Oxnard, Calif.). Three mea- 
surements were made randomly with respect to the 
respiratory cycle 1 min apart and averaged. Any 
measurement differing by more than +10% from the 
other two was discarded and a new measurement 
was obtained. Aortic blood flow was continuously 
measured with a factory-calibrated EFM (Cliniflow II, 
model FM701D, Carolina Medical Electronics, King, 
N.C.) positioned distal to the origin of the coronary 
arteries. Continuous TTD CO was obtained by using 
an Abcom cardiac output computer (Applied Biomet- 
rics, Eden Prairie, Minn.) that drives the Doppler 
transducer and processes the Doppler ultrasound 
information. We used in this study endotracheal 
Doppler tubes commercially available for human use 
(Applied Biometrics), modified only by adding 
length. These tubes have the Doppler transducer 
mounted on the tip in such a way that the ultrasonic 
beam intersects the aortic blood flow in humans at an 
angle of approximately 52° (2). Because of anatomic 
differences between pigs and humans, the actual 
angle of intersection of the ultrasonic beam with the 
aorta was determined in each pig as follows. After the 
sternotomy was performed, the internal diameter of 
the ascending aorta was calculated from the outer 
aortic diameter, measured using calipers, minus the 
aortic wall thickness, assumed to be 1.5 mm from 
preliminary observations in three pigs. The angle of 
intersection was then calculated from the measured 
aortic diameter and the velocity profile was obtained 
by the Abcom computer as described elsewhere (1). 
This angle was used for the remainder of the exper- 
iment to determine CO. Optimal position of the 
transtracheal Doppler probe was identified and main- 
tained throughout the experiment by maximum in- 
tensity of the visual and audio representation of 
Doppler flow signals. At the end of the experiment, 
the animals were killed, the mediastinum was dis- 
sected, and the trachea was opened to verify the 
proper position of the Doppler probe with respect to 
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the aortic root. The ascending aorta was transected 
and the wall thickness was measured. In two pigs the 
measured aortic wall thickness was different from the 
assumed value and the CO was corrected accordingly. 

The following hemodynamic variables were also 
measured: mean systemic and pulmonary arterial 
pressure, pulmonary artery wedge pressure, right 
atrial pressure, and heart rate. 

The hemodynamic status was altered in each pig 
by the following nine interventions, each one lasting 
approximately 15 min: (1-4) infusion of isoproterenol, 
esmolol, phenylephrine, and sodium nitroprusside, 
respectively; (5) removal of 15 mL/kg of blood (hem- 
orrhage); (6) infusion of 6% hetastarch in a volume 
equal to the blood removed (hemodilution); (7) rein- 
fusion of the blood removed (hypervolemia);, (8) 
cross-clamping of the thoracic aorta; (9) partial occlu- 
sion of the intrathoracic inferior vena cava. The 
hemodynamic values before each intervention were 
considered baseline values with the exception of 
interventions 6 and 7, in which the prehemorrhage 
values were considered as baseline. In each experi- 
ment there were, therefore, 16 stages (nine interven- 
tions and seven baselines). Simultaneous TTD, TDL, 
and EFM CO measurements were obtained at each 
stage. As TTD and EFM measurements were contin- 
uous whereas TDL were intermittent, TTD and EFM 
CO were expressed as the average of the values 
recorded from the beginning to the end of the TDL 
measurements (usually a 2-min time interval). 

The agreement between the methods was ana- 
lyzed according to Bland and Altman (7). The differ- 
ences between simultaneous CO measurements ob- 
tained by two different methods were plotted against 
the average of the two measurements. The mean 
difference + sp between measurements and the limits 
of agreement, described by the mean difference + 
2 sp, within which 95% of the differences will lie, was 
calculated. Cardiac output values obtained by the 
different methods were also compared using correla- 
tion and linear regression analysis. The trending 
capability of the TTD method was assessed by plot- 
ting the changes in TTD CO measurements between 
successive stages against the corresponding changes 
determined by TDL and EFM. In this plot, points that 
do not lie on the line of identity represent instances in 
which the change in CO measured by TTD was 
different from the change in CO measured by TDL or 
EFM. Comparison of hemodynamic variables among 
stages was performed using a repeated-measures 
analysis of variance. 


Results 


At the beginning of the experiments, mean + sp 
hemodynamic variables were as follows: TDL CO, 
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Table 1. Hemodynamic Changes During the Various Interventions* 


Variables ISO ESMO NEO SNP 
Co? 131 + 22° 79 + 10° 97 + 15 74 + 10° 
HR 150 + 27° 79 + 11° 88 + 14° 112 + 13° 
MAP 85 + 11° 90 + 117 166 + 17 52 + 9° 
PAWP 81 + 19 130+ 22° 210+ 14° 63 + 8° 
RAP 88 + 26 130 + 24° 147 + 27° 75 + 16° 


Interventions 
HEMORR HEMODIL HYPERVOL AOCL IVCOC 
73 +7 176 + 9° 153 + 13° 105 + 25 58 + 14° 
127 + 18° 100 + 7 106 + 12 97 + 16 119 + 16° 
66 + 11° 98 +3 9443 142 + 14° 81 + 22° 
51 + 13° 119 + 18° 150 + 19° 125 + 16 54 + 14° 
61 + 7 117 + 20 170 + 40° 109 + 13 57 + 15° 


ISO, isoproterenol; ESMO, esmolol; NEO, Neo-Synephrine; SNP, sodium nitroprusside; HEMORR, hemorrhage; HEMODIL, hemodilution; HYPERVOL, 
hypervolemia; AOCL, aortic cross-clamp; IVCOC, inferior vena cava occlusion; CO, cardiac output; HR, heart rate; MAP, mean arterial pressure; PAWP, 


pulmonary artery wedge pressure; RAP, right atrial pressure. 


*Expressed as percent + sb of appropriate baseline. Baseline was the value before each intervention with the exception of hemorrhage and hypervolemia, 


in which case baseline was the prehemorrhage value. 
’Cardiac output as measured by thermodilution. 
°P < 0.01 versus baseline. 
40.01 < P < 0.05 versus baseline. 
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Figure 1. Agreement between TTD and TDL CO measurements 
analyzed according to reference 7. The difference between simul- 
taneous TTD and TDL CO measurements ([TTD ~ TDL] CO) is 

lotted against the average of the two measurements ([TTD — 
TDL] CO/2). Identical values overlap. The broken line represents the 
mean difference (d = —0.037 L/min); the dash-dot lines represent the 
limits of agreement (d + 2 sp = 0.4 L/min; d — 2 sp = ~0.5 L/min). 


1.7 + 0.3 L/min; heart rate, 114 + 27 beats/min; mean 
systemic arterial pressure, 97 + 7 mm Hg; mean 
pulmonary arterial pressure, 12 + 2 mm Hg; pulmo- 
nary artery wedge pressure, 6 + 1 mm Hg; right 
arterial pressure, 3 + 1 mm Hg. Changes from 
baseline values during the various interventions are 
presented in Table 1. Cardiac output ranged from 1 to 
3 L/min during the study. 

The measurements from all pigs (128 data points) 
were combined and analyzed. The agreement be- 
tween methods analyzed according to Bland and 
Altman (7) is presented in Figures 1-3. The mean 
difference + sp between TTD-TDL and TTD-EFM 
CO measurements was — 0.037 + 0.24 L/min and 
—0.055 + 0.23 L/min, respectively. The mean differ- 
ence + sp between TDL and EFM measurements was 
—0.017 + 0.15 L/min. The limits of agreement (mean 
difference + 2 sp) between TTD and the reference 
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Figure 2. Agreement between TTD and EFM CO measurements 
analyzed according to reference 7. The difference between simul- 
taneous TTD and EFM CO measurements ([TTD — EFM] CO) is 
plotted against the average of the two measurements ([TTD — 
EFM] CO/2). Identical values overlap. The broken line represents the 
mean difference (d = —0.055 L/min); the dash-dot lines represent the 
limits of agreement (d + 2 sp = 0.4 L/min; d — 2 sp = —0.5 L/min). 


methods were 0.4 to —0.5 L/min, indicating that the 
TTD measurements may be as much as 0.4 L/min 
higher or 0.5 L/min lower than the simultaneous 
measurements obtained by TDL and EFM. The limits 
of agreement between TDL and EFM were 0.3 to 
—0.3 L/min. The plots of differences between simul- 
taneous measurements against their average (Figures 
1-3) did not reveal any relationship between mea- 
surement error and range of observed values. 

Regression analysis yielded the following equa- 
tions: TTD = 0.383 + 0.779 TDL (r = 0.86); TTD = 
0.351 + 0.788 EFM (r = 0.87); TDL = 0.077 + 0.95 
EFM (r = 0.95). 

The changes in TTD CO between successive stages 
plotted against the corresponding changes as mea- 
sured by TDL and EFM are presented in Figures 4 
and 5. Of 125 changes, TTD CO changed in opposite 
directions to TDL CO in 10 instances, and to EFM CO 
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Figure 3. Agreement between TDL and EFM CO measurements. 
The difference between simultaneous TDL and EFM CO measure- 
ments ([TDL — EFM] CO) is plotted against the average of the two 
measurements ([TDL + EFM] CO/2). Identical values overlap. The 
broken line represents the mean difference (d = —0.017 L/min); the 
dash-dot lines represent the limits of agreement (d + 2 sp = 
0.3 L/min; d — 2 sp = —0.3 L/min). 
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Figure 4. Changes in CO between successive stages measured by 
TTD (ATTD CO) compared with the changes measured by TDL 
(ATDL CO), with line of identity (solid line) and 95% confidence 
limits (broken lines). Identical values overlap. 


in eight instances. Only changes in TTD CO larger 
than 0.6 L/min could predict a change in the same 
direction in TDL or EFM CO at a 95% confidence 
level. A plot of changes in TDL CO versus changes in 
EFM CO is presented in Figure 6. Thermodilution 
and EFM CO changed in opposite directions four 
times. Changes in TDL CO larger than 0.3 L/min were 
consistently associated with consensual changes in 
EFM CO. 


Discussion 


A comparison of a new measurement method with an 
established one aims to determine whether the meth- 
ods agree well enough for the new to replace the old 
one. As there is no gold standard method to measure 
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Figure 5. Changes in CO between successive stages measured by 
TTD (ATTD CO) compared with the changes measured by EFM 
(AEFM CO), with line of identity (solid line) and 95% confidence 
limits (broken lines). Identical values overlap. 
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Figure 6. Changes in CO between successive stages measured by 
TDL (ATDL CO) compared with the changes measured by EFM 
(AEFM CO), with line of identity (solid line) and 95% confidence 
limits (broken lines). Identical values overlap. 


CO, two established methods (TDL and EFM) were 
simultaneously used in this study. This design allows 
one to compare and contrast the agreement between 
TTD and TDL, and TTD and EFM, with the agree- 
ment between TDL and EFM measurements. 

In this study, the overall agreement between the 
established methods was better than the agreement 
between the TTD method and the established ones. 
Although the new method correlated well with the 
old ones, the correlation TDL-EFM was the strongest. 
Analysis according to the methods of Bland and 
Altman (7) yielded an agreement within + 0.3 L/min 
between the two standard methods, and within 
+ 0.5 L/min between TTD and standard methods. 
The mean difference between TTD-TDL and TTD- 
EFM measurements was close to zero, indicating that 
the TTD method did not have a consistent bias that 
could be adjusted to improve the agreement. Consid- 
ering the CO range of 1-3 L/min examined in this 


+ 
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study, the agreement found between TTD and stan- 
dard methods was quite poor. The trending capabil- 
ity of the TTD method was similarly poor, as only a 
relatively large change in TTD CO (0.6 L/min) could 
reliably predict a change in TDL or EFM CO. Our 
results cast doubt about the use of the method in 
patients with critically low CO or in a pediatric 
population. The accuracy of the TTD method at 
higher CO values, however, cannot be inferred from 
our results and should be further investigated. 

The agreement found between TTD and the estab- 
lished methods is somewhat disappointing if two 
methodologic features of this study are considered. 
First, the optimal position of the TTD transducer was 
identified and carefully kept throughout the study by 
an experienced operator, thus making misalignments 
of the endotracheal tube with respect to the aorta an 
unlikely source of inaccurate measurements. Second, 
the actual aortic diameter was measured in each pig 
and the angle of incidence of the ultrasonic beam was 
calculated and fed into the computer for further 
calculations. Usually, the angle of incidence of the 
ultrasonic beam with the aortic blood flow is calcu- 
lated empirically and assumed to be the same in 
every subject (2). Errors caused by a different angle of 
incidence of the ultrasonic signal with aortic flow 
owing to interindividual anatomic variability were 
therefore minimized. However, in addition to im- 
proper probe position and inaccurate aortic cross- 
sectional area determinations, several other theoreti- 
cal ‘and practical difficulties, extensively discussed 
elsewhere (6), are involved in the CO measurements 
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by Doppler velocimetry, which may explain the 
shortcomings of the TTD method tested. 

In summary, the agreement of the TTD method 
with TDL or EFM was within + 0.5 L/min. Only a 
change in TTD CO larger than 0.6 L/min could 
reliably predict a change in TDL or EFM CO. The 
results suggest that, in the CO range of 1-3 L/min, 
the TTD method does not accurately reproduce the 
CO measurement obtained by TDL or EFM. 
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Clonidine decreases central sympathetic activity and 
anesthetic requirement. We tested whether clonidine 
improves outcome from incomplete ischemia of the 
brain in rats. Control rats were anesthetized with 
25 ug-kg—*-h~' of intravenous fentanyl and inhala- 
tion of 70% nitrous oxide (NO). Clonidine-treated 
rats received fentanyl/N,O and 10 ug/kg of intrave- 
nous clonidine 10 min before ischemia, which was 
produced by right carotid ligation combined with 
hemorrhagic hypotension to 35 mm Hg for 30 min. 
Clonidine increased plasma glucose before ischemia 
and decreased blood catecholamine concentrations 


cholamines and improves neurologic out- 

come after incomplete cerebral ischemia in 
rats (1). Improved neurologic outcome was reversed 
by intravenous administration of norepinephrine and 
epinephrine infusion in ganglionic blocked rats, indi- 
cating that the effect was mediated by circulating 
catecholamines. Circulating catecholamines probably 
increased ischemic brain injury by stimulating central 
excitatory receptors (2) or by direct local damage (3). 
Clonidine, an a,-adrenoreceptor agonist, inhibits 
norepinephrine release during sympathetic activation 
(4) and during ischemia (5). In this study we evalu- 
ated whether clonidine may improve outcome from 
incomplete cerebral ischemia in rats. 


( anglionic blockade decreases circulating cate- 


Methods 


These experiments were performed after institutional 
animal care committee approval had been obtained. 
Twenty-five male Sprague-Dawley rats (350-450 g) 
were anesthetized with isoflurane in a bell jar, tra- 
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during ischemia compared with the control group. 
Neurologic outcome was evaluated daily for 3 days 
after ischemia and histopathology was performed at 
the end of this- period. Clonidine significantly im- 
proved neurologic outcome on each of the 3 days 
after ischemia. Histopathology was severe in the 
control group but not enough rats survived in this 
group for statistical analysis. The authors conclude 
that clonidine decreases sympathetic activity during 
ischemia and that this is associated with an improve- 
ment in outcome from incomplete ischemia. 

(Anesth Analg 1991;73:460-4) 


cheally intubated, and mechanically ventilated with 
1.4% isoflurane and 70% nitrous oxide (N,Q) in 
oxygen. The right femoral artery and left femoral vein 
were catheterized for arterial blood pressure record- 
ing, analysis of arterial blood gases, and drug admin- 
istration. The right subclavian vein was catheterized 
for blood withdrawal. The right carotid artery was 
isolated for later clamping. Muscle paralysis was 
produced by an intravenous vecuronium infusion of 
0.1 mg-kg~'-min™*. Incisions were infiltrated with 
0.5% bupivacaine. Isoflurane was withdrawn and 
inhalation of 70% N,O was continued. Fentanyl was 
given as a 10-ug/kg bolus with an infusion of 
25 ug-ke*-h7?, 

In a preliminary study we tested the effect of 
50 g/kg of intravenous clonidine on outcome from 
ischemia. Four of five rats died due to hypertension- 
induced pulmonary edema. Therefore, we chose a 
lower dose of clonidine for this study (10 pg/kg). Two 
treatment groups were randomly tested: the control 
group (n = 10) received no pretreatment before 
ischemia; the clonidine group (n = 10) received a slow 
intravenous injection of clonidine (10 ug/kg) 10 min 
before ischemia. 

Cerebral ischemia was produced by a combination 
of right carotid ligation and hemorrhagic hypotension 
to 35 mm Hg for 30 min. A range of 2 mm Hg was 


©1991 by the International Anesthesia Research Society 
0003-2999/91/$3.50 


‘iss 


ANESTH ANALG 
1991;73:460-4 


Table 1. Neurologic Scoring* 


Consciousness Walking 

0 = Normal 0 = Normal 

1 = Restless 1 = Paw adduction 

2 = Lethargic 2 = Hypomobility 

3 = Stuporous 3 = Circling to stroke side 
4 = Seizures 4 = Unable to stand 

5 = Death 

Rope platform Rotating screen 


0 = Climbs to platform 
1 = Pulls up rear legs 
2 = Hangs on 5s 

3 = Hangs on <5 s 

4 = No grasp reflex 


0 = Grasps to 180° >5 s 

1 = Grasps to 180° <5 s 

2 = Grasps to 90°, not 180° 

3 = Falls from vertical screen 


Limb tone Pain reflex 
0 = Normal 0 = Normal 
1 = Weak 1 = Hypoactive 


“Total score = 18. 


allowed for the target pressure. Arterial carbon diox- 
ide tension was maintained at 3540 mm Hg by 
adjusting ventilation and pH, at 7.40 with a bicarbon- 
ate infusion during this period. Rectal and skull 
temperatures were measured using thermistor 
probes and maintained at 37°C using an overhead 
heat lamp. At the end of ischemia, the carotid artery 
was unclamped and the withdrawn blood was rein- 
fused over 10 min. All catheters were removed, 
incisions were closed, the anesthetic was withdrawn, 
and the trachea was extubated 30 min after the end of 
ischemia. Rectal temperature was monitored for 3 h 
after recovery in two rats from each group to evaluate 
maintenance of normothermia. 

Neurologic outcome was scored in each rat every 
24 h for 3 days, starting 24 h after ischemia. Neuro- 
logic deficits were scored in consciousness, walking, 
motor performance tasks, limb tone, and response to 
painful stimuli (Table 1). Scores ranged from 0 (nor- 
mal) to 18 (stroke-related death). Stroke-related death 
was scored after a minimum of 3 h postischemia only 
if the rats showed progressive signs of stroke impair- 
ment. 

Brain histopathology was evaluated in rats that 
survived the 3-day neurologic scoring period. The 
rats were anesthetized with isoflurane in a bell jar 
and killed by a transcardial perfusion of 20 mL of 
saline followed by 20 mL of 10% buffered formalin. 
The brain was removed and stored in 10% formalin 
for 1 wk. Coronal sections were cut and embedded in 
paraffin. Brain slices (7 4m) were mounted on glass 
slides and stained with hematoxylin and eosin. The 
sections were evaluated in a blinded manner by a 
neuropathologist. The caudate nucleus and hippo- 
campus (CA1—CA4) are sensitive to ischemic injury in 
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this model of ischemia. Separate coronal sections 
containing these regions were used for histologic 
examination. The section containing the caudate was 
scored as follows: 0 = no damage, 1 = scattered 
neuronal damage, 2 = small infarcts, 3 = infarcts 
involving 50% of the ischemic caudate, 4 = infarcts 
involving 50% of the ischemic hemisphere, 5 = total 
hemisphere infarct. A section containing the hippo- 
campus was scored as follows: 0 = no damage, 1 = 
50% injury of hippocampal pyramidal cells, 2 = 100% 
injury of hippocampal pyramidal cells, 3 = 50% 
ischemic hemisphere infarct, 4 = 100% hemisphere 
infarct. 

Data are reported as mean + sE. Nonparametric 
data, including neurologic outcome, and histopatho- 
logic data were compared between groups using 
Kruskal-Wallis tests. Correlation between neurologic 
outcome and histopathology was evaluated using a 
Spearman rank order correlation. Physiologic data 
were evaluated using two-way analysis of variance 
and Tukey tests for post hoc comparisons. 


Results 


Clonidine produced a brief increase in arterial blood 
pressure followed by a decrease at the end of the 
control period (Table 2). Clonidine produced an in- 
creasé in plasma glucose before ischemia compared 
with the control group. Plasma glucose increased in 
both groups during the ischemic challenge. Plasma 
catecholamines were significantly decreased during 
ischemia in clonidine-treated compared with control 
rats (Figure 1). Rectal temperature was measured for 
3 h after ischemia in two rats from each group. Rectal 
temperature decreased from 37° to 36°C within 30 min 
and returned to 37°C within 1 h in both groups. 
Neurologic outcome was better in clonidine- 
treated than in control rats (Figure 2). This difference 
was significant on each of the 3 days of neurologic 
examination (P < 0.05). Histopathology was severe in 
the five control rats that survived for 3 days after 
ischemia (Figure 3). Their scores were not signifi- 
cantly different from clonidine-treated rats (P = 0.14). 
The correlation between neurologic outcome and 
histopathology in all rats was r = 0.423, P < 0.05. 


Discussion 


We found that intravenous clonidine produced an 
initial increase followed by a decrease in arterial 
blood pressure. The increase is mediated by cloni- 
dine-induced a,- and a,-adrenoreceptor stimulation 
of arterial smooth muscle. This limited the dose of 
clonidine we were able to test as higher doses 
(50 ug/kg) produced prolonged hypertension and 
pulmonary edema. Within 10 min of injection, cloni- 
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Table 2. Mean Arterial Pressure, Blood Gas Tensions, pH,, and Plasma Glucose 
Plasma 
MAP Paco, Pao, glucose 
Group treatment (mm Hg) (mm Hg) (mm Hg) pH, (mg/dL) 
Control (n = 10) 
Baseline 135 + 5 38.4 + 0.9 138 + 4 7.41 + 0.01 176 + 6 
Ischemia (15) eiea la 36.6 + 1.2 156 + 2 7.37 + 0.02 
Ischemia (30) Jr 38.0 + 0.9 151 +4 7.39 + 0.01 325 + 29° 
Recovery 114445 41.1 + 1.0 134 + 6 7.38 + 0.01 177 + 22 
Clonidine (n = 10) . 
Baseline 82 + 4 39.0 + 0.8 145 + 4 7.40 + 0.01 232 + 8? 
Ischemia (15) 35 + 1° 37.4 + 0.7 163-2 7.38 + 0.01 
Ischemia (30) 30:35, 1? 37.7 + 0.7 153 + 3 7.39 + 0.01 308 + 21° 
Recovery 106 + 4 38.6 + 0.6 142 +7 7.40 + 0.01 226 + 17 
MAP, mean arterial pressure; Paco,, arterial CO, tension; Pao, arterial O, tension. 
Data reported as mean + se. Numbers in parentheses indicate minutes of ischemia. 
“P < 0.05 compared with baseline. 
èP < 0.05 compared with control. 
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Figure 2. Total neurologic score for the 3-day scoring period. Each 
ö bar represents daily score for each individual rat. Neurologic score 


EPINEPHRINE 


Figure 1. Plasma catecholamines during ischemia (mean + sE). 
Catecholamines were measured at the end of the ischemic period 
in each rat. Both norepinephrine and epinephrine were signifi- 
cantly diferent between clonidine and control treatment groups 
(P < 0.05). 


NOREPINEPHRINE . 


dine (10 pg/kg) produced significant hypotension. 
In addition, plasma catecholamine concentrations 
were decreased in clonidine-treated rats during isch- 
emia. This is consistent. with previous reports that 
clonidine decreases central sympathetic activity by 
stimulation of brain a,-adrenoreceptors (4, 6). Although 
the pretreatment interval was only 10 min in these 
studies, the prolonged half-life of clonidine (8-12 h) 
suggests that it would be effective for an extended 
period. Neurologic outcome was significantly im- 
proved in clonidine-treated compared with control rats. 
Our results suggest that clonidine improved ischemic 
outcome by decreasing sympathetic activity. 

Brain ischemia is associated with elevated central 
and peripheral sympathetic activity. Globus et al. (7) 


was significantly better in clonidine-treated compared with control 
rats on all 3 days (P < 0.05). 


measured extracellular norepinephrine in rat hippo- 
campus by tissue perfusion and reported that fore- 
brain ischemia increased catecholamine release. 


‘Weinberger and Nieves-Rosa (8) studied gerbil syn- 


aptosomes and saw increased release of norepineph- 
rine during ischemia. After ischemia, norepinephrine 
release was decreased but synaptosome norepineph- 
rine uptake was inhibited. They suggested that direct 
toxic effects of ischemia were responsible for alter- 
ations in release and uptake of catecholamines. 
Meyer et al. (9) reported increased cerebrospinal fluid 
norepinephrine concentrations in patients with 
stroke. They suggested that cerebrospinal fluid cate- 
cholamines may increase after ischemia because of 
blood-brain barrier breakdown. 

There is controversy regarding the influence of 
sympathetic activity on outcome from ischemia. Gan- 
glionic blockade or interruption of central sympa- 
thetic activity increases hippocampal neuronal injury 


tre 
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CLONIDINE 

Figure 3. Histopathologic score in rats that survived 3 days after 
ischemia. Scores represent total histopathologic score for each 
individual rat measured in caudate and hippocampal sections. 
Scores were not different between treatment groups (P = 0.14). No 
neuronal damage was seen in nonischemic tissues. 


CONTROL 


produced by near complete ischemia in rats (10,11). 
However, others have shown that disruption or de- 
pletion of central sympathetic activity enhances re- 
covery from ischemia and decreases neuronal injury 
(12,13). We found that ganglionic blockade improves 
outcome from incomplete ischemia and that this 
effect is dependent on a decrease in plasma catechol- 
amine concentration (1). The reason for the contro- 
versy over whether catecholamines improve or 
worsen ischemic outcome is unclear. Perhaps central 
catecholamine stimulation worsens outcome during 
incomplete ischemia by stimulating central excitatory 
mechanisms (3). This may not be important during 
complete or near-complete ischemia because neurons 
are inactive. On the other hand, stimulation of sym- 
pathetic activity after ischemia with a,-adrenorecep- 
tor antagonists may decrease neuronal injury by 
different mechanisms (14). 

There is little clinical data available concerning 
stroke outcome with clonidine treatment. Clonidine 
has been used to treat hypertension and to decrease 
afterload in congestive heart failure and aortic sur- 
gery (15-17). Plasma catecholamines are decreased 
and circulatory stability is improved with clonidine. 
Clonidine has been shown to decrease cardiac output 
and cerebral blood flow in hypertensive patients (15). 
However, we are not aware of a study evaluating 
clonidine treatment and stroke outcome. 

Clonidine may decrease body temperature in asso- 
ciation with its ability to inhibit sympathetic tone (18). 
Postischemic hypothermia to 31°C for 1 h improves 
outcome from incomplete ischemia in rats (19). Per- 
haps this is a mechanism of neuronal protection with 
clonidine. However, we saw only a modest decrease 
in body temperature after ischemia (—1°C) and no 
difference between control and clonidine-treated rats. 
This indicates that postischemic temperature changes 
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did not mediate the improved outcome seen here 
with clonidine. 

Plasma glucose was increased by clonidine treat- 
ment before ischemia. This effect is probably pro- 
duced by a,-adrenoreceptor-induced inhibition of 
insulin release (20). In this model of incomplete 
cerebral ischemia, increased plasma glucose before 
and during ischemia worsens outcome from ischemia 
(21). As the clonidine-treated group had higher 
plasma glucose but a better outcome from ischemia, 
plasma glucose was probably not an important factor 
determining outcome in this study. 

We were unable to use a second dose of clonidine 
(50 g/kg) in this study because it produced hyper- 
tension above 150 mm Hg for several minutes. This 
resulted in pulmonary edema, hypoxia, and a poor 
recovery in the rats. A dose-response curve for cloni- 
dine and ischemic outcome would indicate whether 
10 ug/kg of clonidine represents a maximum brain 
protective effect for a.-adrenoreceptor stimulation. In 
other experiments we have tested a more specific 
@-adrenoreceptor agonist, dexmedetomidine (22). 
Dexmedetomidine produced similar responses as 
clonidine but was more effective in decreasing isch- 
emic injury. This suggests that 10 ug/kg of clonidine 
did not produce a maximum ischemic protective 
effect. This may be due to an inadequate drug dose or 
due to the fact that clonidine is not a full agonist of 
@-adrenoreceptors and stimulates a,-adrenorecep- 
tors as well (23). 

In conclusion, clonidine produced a decrease in 
plasma catecholamines during ischemia and im- 
proved neurologic outcome from incomplete isch- 
emia in spite of an elevation in plasma glucose. These 
results are consistent with reports that sympathetic 
activity worsens ischemic outcome and clonidine 
attenuates this effect. 
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Administration of Inhaled Anesthesia With High-Frequency 


Oscillation: An In Vitro Study 
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To assess administration of inhaled anesthesia during 
high-frequency oscillation, we evaluated the perfor- 
mance of a high-frequency oscillator that permitted 
incorporation of a precision vaporizer. The ventilator 
design used a single gas source for both vaporizer 
circuit and ventilatory support. The performance 
was evaluated in conjunction with a test lung de- 
vice. The vaporizer performance was accurate when 
high-frequency, low-volume gas flow was used to 


igh-frequency ventilation is used for acute 

respiratory disease syndromes that are unre- 

sponsive to conventional techniques of ven- 
tilatory support (1). Although high-frequency venti- 
lation is used in critical care, its role in anesthesia for 
surgery remains less defined. High-frequency venti- 
lation is advantageous in cases that involve large air 
leaks from the respiratory tract, high-grade parenchy- 
mal disease, or require stable surgical fields (2,3). 
Most of these reports use injectable anesthetic tech- 
niques and use high-frequency ventilation as the 
principal model of ventilatory support. No informa- 
tion exists regarding incorporation of inhaled anes- 
thetics for anesthetic delivery as a primary or adjunc- 
tive technique during high-frequency oscillation (4). 
The purpose of this study is to determine the effect of 
pulsatile gas flow on vaporizer accuracy and to de- 
termine whether inhaled anesthetics can be adminis- 
tered through a high-frequency oscillator. 


Materials and Methods 


The ventilator used in this study was a variable-speed 
piston, high-frequency oscillator (model 320 Y, Tres 
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provide source gas for the vaporizer. The ventilator 
provided accurate halothane delivery to the test 
lung device. Based on the results of this study, 
inhaled anesthesia can be accurately administered in 
conjunction with high-frequency oscillation. A single 
gas source that transverses the vaporizer before 
breathing circuit entrainment is critical for accurate 
results. 

(Anesth Analg 1991;73:465-8) 


Tec Corp., San Antonio, Tex.) that was adapted for a 
precision vaporizer in the primary breathing circuit. 
The gas flow for the vaporizer was incorporated 
upstream of the oscillator module and provided the 
gas source for the patient delivery circuit (Figure 1). 
Preliminary studies indicated that the 2.75-L/min gas 
flow through the vaporizer circuit was constant at all 
ventilator frequencies. 

A freshly serviced halothane vaporizer (Fluotec III, 
Fraser-Harlake Corp., Orchard Park, N.Y.) was at- 
tached to a calibrated flowmeter, and the concentra- 
tion output was calibrated at 2.75 L/min across a 
range of 0%-3% halothane (Ayerst Inc., New 
York, N.Y.) in 0.5% increments. Gas samples were 
collected after a 5-min equilibration period and were 
analyzed using an infrared spectrophometer device 
(Sensormedics LB-2, Anaheim, Calif.) that was cali- 
brated with primary halothane standard gases. For 
each trial, gas samples were collected in triplicate and 
were averaged for a single data point. 

To evaluate the accuracy of the vaporizer perfor- 
mance during high-frequency oscillation, the vapor- 
izer Output was analyzed in the range of 10-42 Hz. 
Vaporizer output was analyzed in 1% increments 
between 1% and 3% halothane as indicated by the 
dial setting. The values obtained were compared with 
the standard calibration curve generated by continu- 
ous gas flow. 

The effect of the breathing circuit on delivered gas 
concentration was also studied. A modified Maple- 
son A breathing circuit is integrally incorporated in 


Anesth Analg 1991;73:465-8 465 


466 RAFFE AND LeDUC 
INF-ALATION ANESTHESIA WITH HFO 


Gas Source 


Oscillator 






Bias Flow 
Valve 







Flowmeter 


System Pressure 


Figure 1. Schematic diagram of the high-frequency oscillator de- 


vice with the vaporizer interfaced downstream of the gas source’ 


and upstream of the oscillator circuit. 


the ventilator. An adiabatic test lung (Bird Corp., 
Sand Point, Idaho) was attached at the patient inter- 
face. A sampling site was interfaced so that gas 
samples were collected within the lung for analysis of 
halothane concentration. For all trials, inspiratory 
time was standardized at 30% of ventilatory cycle. A 
bias port gas flow rate of 2.7 L/min was necessary to 
minimize positive end expiratory pressure in the 
breathing circuit. The performance was evaluated in 
the frequency range of 10-42 Hz. Five-minute inter- 
vals were permitted after vaporizer or frequency 
changes to allow the gas concentration in the breath- 
ing circuit to stabilize. Gas samples from the outlet 
port of the vaporizer and the bias gas flow port were 
simultaneously collected and analyzed. All analyses 
were performed in triplicate and were averaged for a 
single data point. 

The data in all experiments were analyzed using 
two-way analysis of variance, with a significance 
level of P < 0.05. Regression coefficients were calcu- 
lated by comparing vaporizer output at constant and 
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Figure 2. Comparison of vaporizer performance under pulsatile 
gas flow with constant gas flow from 10 to 25 Hz. -L}-, 10 Hz; æ, 
14 Hz; -O-, 18 Hz; -O-, 21 Hz; -§-, 25 Hz; -C1-, constant flow. 
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Figure 3. Comparison of vaporizer performance under pulsatile 
gas flow with constant gas flow from 28 to 42 Hz. -[]-, 28 Hz; æ, 
30 Hz; -G-, 35 Hz; -O-, 40 Hz; -W-, 42 Hz; -(J-, constant flow. 


pulsatile gas flow and by comparing vaporizer output 
with breathing circuit concentration. 


Results 


The comparisons of vaporizer performance for pulsa- 
tile gas flows and constant gas flows are shown in 
Figures 2 and 3 and Table 1. There was no significant 
difference in vaporizer performance at any ventilator 
frequency or at any halothane concentration when 
compared with constant flow values. Because of the 
consistency of response for all frequencies evaluated, 
all data points were pooled and collectively analyzed. 
A regression coefficient of r = 0.97 was calculated for 
this data group. 

The comparison of anesthetic delivery circuit con- 
centration with vaporizer output is shown in Figures 


ie 
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Table 1. Vaporizer Output and Circuit Concentration During High-Frequency Oscillation 


Vaporizer Ventilator 
setting frequency Mean vaporizer 
(%/%) (HZ) output (%/%) 
1 Constant flow 1.17 
2 Constant flow 2.42 
3 Constant flow 3.49 
1 10 1.15 
2 10 2.45 
3 10 3.57 
1 14 1.19 
2 14 2.39 
3 14 3.43 
1 18 1.21 
2 18 2.36 
3 18 3.39 
1 21 1.15 
2 21 2.21 
3 21 3.37 
1 25 1.16 
2 25 2.46 
3 25 3.61 
1 28 1.18 
2 28 2.42 
3 28 3.55 
1 30 1.23 
2 30 2.41 
3 30 3.63 
1 35 1.14 
2 35 2.48 
3 35 3.55 
1 40 1.20 
2 40 2.46 
3 40 3.69 
1 42 1.18 
2 42 2.45 
3 42 3.60 


Mean circuit 
Standard concentration Standard 
deviation (%!%) deviation 

0.11 NM NM 
0.16 NM NM 
0.10 NM NM 
0.03 0.94 0.06 
0.22 1.95 0.14 
0.25 2.87 0.36 
0.04 1.13 0.18 
0.06 2.09 0.30 
0.10 2.95 0.41 
0.02 1.04 0.01 
0.05 1.93 0.10 
0.07 2.66 0.18 
0.02 1.11 0.07 
0.07 2.15 0.11 
0.04 3.16 0.09 
0.10 1.23 0.12 
0.13 2.24 0.1 
0.17 3.31 0.12 
0.05 1.21 ` 0.19 
0.06 2.26 0.06 
0.01 3.25 0.10 
0.03 1.23 0.14 
0.01 2.23 0.05 
0.05 3.29 0.08 
0.05 1.24 0.17 
0.01 2.12 0.27 
0.11 2.95 0.46 
0.04 0.98 0.2 
0.03 1.96 0.54 
0.05 2.79 0.85 
0.05 1.01 0.32 
0.04 1.92 0.67 
0.14 2.71 0.91 





NM, not measured. 


4 and 5 and Table 1. There were no significant 
differences noted when the circuit concentration was 
compared with the vaporizer output at any concen- 
tration. Because of the consistency of response for all 
frequencies evaluated, all data points were pooled 
and collectively analyzed. A regression coefficient of 
r = 0.89 wäs calculated for this data group. 


Discussion 


No information exists regarding vaporizer perfor- 
mance characteristics when used with high-fre- 
quency oscillation. The vaporizer used in this study 


has been reported to be unaffected by pressure fluc- 
tuations originating in the breathing circuit (5). How- 
ever, the effect of pulsatile carrier gas characteristics 
on vaporizer performance has not been previously 
described. In our study, all other factors that may 
affect vaporizer performance were standardized to 
limit their effect on vaporizer performance. The inlet 
flow of 2.7 L/min is within the carrier gas flow range 
reported to. produce accurate performance character- 
istics for the Fluotec III vaporizer (5). All trials were 
performed in a thermostable area maintained within 
1°C for the entire experiment. The halothane manu- 
facturer and source was the same for all trials. The 
results indicate that accurate vaporizer performance 
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Figure 4. Comparison of breathing circuit concentration at the test 


lung with vaporizer output from 10 to 25 Hz. -{J-, 10 Hz; æ, 14 Hz; 


-O-, 18 Hz; -0-, 21 Hz; --, 25 Hz. 
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Figure 5. Comparison of breathing circuit concentration at the test 
lung with vaporizer output from 28 to 42 Hz. -@, 28 Hz; -O1-, 30 Hz; 
-O-, 35 Hz; -W-, 40 Hz; -D-, 42 Hz. 


1.0 


can be expected during high-frequency, low-volume 
gas flow through the vaporizer. We believe that a 
reason for the accurate vaporizer performance is that 
the characteristics of rapid, pulsatile gas flow approx- 
imate. continuous flow through the vaporizer cham- 
ber. Although we did not evaluate enflurane and 
isoflurane delivery characteristics in the study, vapor- 
izer performance has been shown to be linked to 
internal design characteristics (5). Therefore, delivery 
of isoflurane and enflurane by a vaporizer based on 
similar principles should produce results similar to 
those of the current study. 

Thei issue of circuit design and implication on deliv- 
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ered agent concentration is also critical. Many high- 
frequency ventilator circuit designs use entrainment 
techniques to augment gas flow (1). The injection of a 
pressurized gas source into the breathing circuit is 
augmented by gas entrained in proximity to the pres- 
sure source, Entrained gas may originate from external 
sources such as conditioned humidified gases or from 
direct entrainment into the ventilator circuit from am- 
bient gas sources. This dual gas source poses a potential 
problem in the accurate delivery of inhaled anesthesia 
(4). High-pressure gas sources that route through the 
vaporizer are unsuitable because commercially avail- 
able vaporizers are not designed to work under high- 
pressure conditions. Supplemental gas entrainment in 
the breathing circuit may dilute delivered anesthetic 
concentration. Thus, inhaled anesthetic delivery with 
high-frequency ventilators requires either a single gas 
source that contains the anesthetic or the capacity to 
admix several gas sources in appropriate concentrations 
to produce the final delivered concentration (4). The 
ventilator used in this study uses a single gas source 
introduced through the vaporizer circuit and subse- 
quently delivered by the ventilator module and patient 
delivery circuit (Figure 5). Unlike other systems, the 
patient breathing circuit is designed to administer the 
gas mixture processed through the ventilator circuit 
(i.e., inhaled anesthesia) without gas dilution by addi- 
tional entrainment. This permits a constant anesthetic 
concentration to the delivery circuit that results in an 
accurate inspired concentration of an anesthetic. 

In summary, inhaled anesthesia can be adminis- 
tered with an appropriately designed high-frequency 
ventilator provided that the ventilator design incor- 
porates a single gas source unit that prevents or 
minimizes gas dilution, introduces the anesthetic 
upstream of the ventilator unit, and minimizes sup- 
plemental gas entrainment in the anesthetic breath- 
ing circuit. Vaporizer performance does not appear to 
be altered by using source gases that have high- 
frequency, low-pressure characteristics that approxi- 
mate continuous gas flow through the vaporizer 
chamber. 
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Intradermal Anesthesia and Comparison of Intravenous 


Catheter Gauge 


Raphael Y. Gershon, MD, BettyLou K. Mokriski, MD, and M. Jane Matjasko, MD 
Department of Anesthesiology, University of Maryland Medical School, Baltimore, Maryland 


A double-blinded randomized prospective study was 
performed to determine whether alkalinization of 
lidocaine decreases the pain of intradermal injection 
and if a larger intravenous catheter (16 gauge) causes 
more discomfort on insertion than a smaller (20 
gauge) catheter when intradermal anesthesia has 
been used. In a random manner, 100 patients re- 
ceived skin wheals with commercially prepared 
lidocaine or lidocaine with the addition of sodium 
bicarbonate before the insertion of a 16- or 20-gauge 
intravenous catheter. Visual analogue pain scores 
were obtained after the skin wheal was placed and 
after the intravenous catheter was inserted. There 


analgesia for intravenous catheter insertion, may 

itself be painful (1,2). There may be a relationship 
between pain induced by the administration of 
lidocaine and the pH of this local anesthetic solution 
(3,4). Furthermore, the efficiency of the intradermal 
analgesia in attenuating needle stick pain has not 
been studied in the clinical setting. 

A large-bore intravenous catheter is often desirable 
for optimal patient care. However, there is concern 
that patient discomfort on insertion is significantly 
greater, even with use of a local anesthetic. We 
performed a double-blinded randomized prospective 
study to determine (a) whether alkalinization of 
lidocaine decreases the pain of intradermal injection, 
and (b) whether a larger intravenous catheter (16 
gauge) causes more discomfort on insertion than a 
smaller (20 gauge) catheter when intradermal anes- 
thesia has been used. 


[sigs anesthesia, commonly used to provide 
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was no Statistically significant difference in pain 
scores between the two local anesthetic solutions. - 
However, the catheter insertion pain scores were 


. slightly, but statistically significantly larger in the 


16-gauge group regardless of local anesthetic solution 
used. The addition of sodium bicarbonate to commer- 
cially prepared lidocaine does not decrease the pain 
associated with an intradermal skin wheal. There is a 
slight increase in patient discomfort upon insertion of 
a large-bore intravenous catheter, even with the prior 
use of local anesthetic. 

(Anesth Analg 1991;73:469-70) 


Methods 


One hundred healthy patients (ASA physical status I 
and II) gave their consent to participate in this ap- 
proved study. They were randomized to receive 
0.25 mL of intradermal anesthesia with either 
lidocaine plain (n = 50) or lidocaine adjusted to a pH 
of 7.3 with sodium bicarbonate (n = 50). The prepa- 
rations were made by adding sodium bicarbonate 
(8.4%) or preservative-free sterile water to commer- 
cially prepared preservative-free 1.0% lidocaine in a 
1:2 ratio with resultant 0.67% lidocaine with a pH of 
7.3 or 6.4, respectively. The pH values were mea- 
sured on a Nova Stat Profile #5 (Nova Biomedical, 
Boston, Mass.). 

All intradermal anesthesia was administered with 
a 25-gauge needle and tuberculin syringe. Injection 
was performed over a 5-s period to the back of the 
patient’s hand (n = 95) or forearm (n = 5) by the same 
investigator after the skin was cleansed with 70% 
isopropyl alcohol and allowed to dry. The investiga- 
tor was blinded to the anesthetic: The same investi- 
gator then randomly inserted either a 16-gauge (n = 
52) or 20-gauge (n = 48) intravenous catheter within 
15 s after performance of the skin wheal in the usual 
manner. The skin wheal was placed directly over a 
vessel, which allowed immediate vessel penetration 
after catheter passage through the wheal. 

A visual analogue pain score (VAPS) was recorded 
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Table 1. Visual ARRENE Scores After Intradermal 
Anesthesia 


Local anesthetic Mean Range 
Lidocaine plain 1.24 0-5.00 


Lidocaine and bicarbonate . 0.81 04.50 


P > 0.05. There is no statistically significant difference between mean 
values. 


Table 2. Visual Analogue Scores After Intravenous 
Insertion 


_ 20 Gauge 16 Gauge 
Local anesthetic Mean Range Mean Range 
Lidocaine plain 0.61 0-2.2 1.22 0-5.4 


Lidocaine and bicarbonate 0.56 0-3.0 9.97 0-4.0 


P > 0.05. There is no statistically significant difference between mean 
values within each gauge group. 


after intradermal anesthesia and again after catheter 
insertion using a 10-cmi linear analogue pain scale. 
Subjects were instructed to score a pain-free injection 
as zero and the worst pain imaginable as 10. Mark- 
ings on the analogue pain scale were measured to the 
nearest millimeter. 

Data were subjected to analysis of variance or 
Wilcoxon test as appropriate. A P value less than 0.05 
was considered significant. 


Results 


No diffetences were found among the four groups in 
terms of. age, race, sex; or. site of insertion. No 
statistically significant difference was found between 
plain and alkalinized lidocaine after intradermal an- 
esthesia (Table 1). No statistically significant differ- 
ence was. found -between plain and alkalinized 
lidocaine after intravenous line insertion (Table 2). A 
statistically significant difference was found between 
16- and 20-gauge catheter insertion: mean pain scores 
were 1.09 and 0.58, respectively (P < 0.05). 


Discussion 


Our results do not confirm a previous report that pain 
on intradermal injection of lidocaine is diminished by 


the addition of bicarbonate (3). In contrast to prior 


studies, we studied more patients (100 vs 24) in an 
actual clinical setting as opposed to volunteers (1-3). 
The clinician generally raises a skin wheal to amelio- 
rate the ensuing pain of an inserted catheter. Our 
data are relevant to the clinical situation because 
intravenous catheters were actually inserted through 
the skin wheals, and VAPS were taken both imme- 
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diately after performance of the skin wheal and again 
after catheter insertion. Although there should be no 
correlation between skin wheal pain and catheter 
insertion, prior studies (3,4) did not test the efficiency 
of the skin wheal for catheter insertion. | 

Lidocaine skin wheal pain has been reported to be 
related to the pH and pKa of the local anesthetic 
solution (3). Increasing the pH of the solution decreases 
the H ion concentration. Theoretically, if the H ion 
causes the skin wheal pain, discomfort should be less- 
ened if the pH is increased (bicarbonate added). The 
fraction of nonionized local anesthetic is increased with 
alkalinization. This may result in more rapid inhibition 
of nociceptive receptors. An alternate theory centers on 
the decreased sensitivity of nociceptive receptors to the 
nonionized form of local anesthetic (3). 

. Procaine (pH 4.3) is more acidic but less painful 
than lidocaine (pH 6.3) (5). On the other hand, 
2-chloroprocaine (pH 3.0) is no more painful than 
lidocaine (3). These observations, in conjunction with 
our study, would seem to refute any consistent 
relationship between the pH of the local anesthetic 
solution and the pain of a skin wheal. 

We attempted to- minimize concern about the effi- 
ciency of our intradermal anesthetic for a subcutaneous 
blood vessel. by placing the wheal directly over the 
vessel. Entry. int6 the blood vessel occurred immedi- 
ately after catheter passage through the skin wheal. | 

The slight but statistically significant increase in 
pain score between a 20- and 16-gauge intravenous 
catheter insertion after intradermal ‘anesthesia is of 
questionable. clinical relevance. If intradermal anes- 
thesia is used, a large-bore intravenous catheter can 
be inserted for its clinical advantages with only a 
minimal increase in patient discomfort. 

In summary, we have shown that the addition of 
sodium bicarbonate to commercially prepared 
lidocaine does not decrease the pain associated with 
an iritradermal skin wheal. After intradermal anes- 
thesia, there is a slight but statistically significant 
greater pain with insertion of a 16-gauge intravenous 
catheter as compared with a 20-gauge catheter. 


References 


1. Tyler IL. The relative pain inflicted by techniques used for 
insertion of needles. Anesth Analg 1984;63:373-4. 

2. Wightman MA, Vaughan RW. Comparison of compounds used 
for intradermal anesthesia. Anesthesiology 1976;45:687-9. 

3. McKay W, Morris R, Mushlin P. Sodium bicarbonate attenuates 
pain on skin infiltration with lidocaine, with or without epi- 
nephrine. Anesth Analg 1987;66:572-4. 

4. Morris R, McKay W, Mushlin P. Comparison of pain associated 
with intradermal and subcutaneous infiltration with various 
local anesthetic solutions. Anesth Analg 1987;66:1180-2. 

5. Morris R, Whish DKM. A controlled trial of pain and skin 
infiltration with local anesthetics. Anaesth Intensive Care 1984; 
12:1134. 


hb 


a i 


REVIEW ARTICLE 


Airway Management for Trauma Patients With Potential 


Cervical Spine Injuries 


Randolph H. Hastings, MD, PhD, and James D. Marks, MD 
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tial resuscitation and management of trauma 

victims with possible cervical spine injuries. 
They should recognize the situations in which such 
injuries are likely, be familiar with evaluation of the 
cervical spine, and understand the risks and benefits 
of alternative approaches to airway management. 
Crosby and Lui (1) recently published for the anes- 
thetist an excellent review of the anatomy, biome- 
chanics, and disease processes affecting the cervical 
spine. In this article, we review the mechanisms of 
traumatic cervical spine injury, physical and radio- 
logic examination, and methods for initially stabiliz- 
ing the injured spine, and we focus on airway man- 
agement and tracheal intubation techniques. There 
are no guidelines for choice of tracheal intubation 
technique based on the clinical situation. Different 
authors recommend awake tracheal intubation (2-6), 
direct laryngoscopy with head and neck stabilization 
(3,7,8), or cricothyroidotomy (3,4,9,10), but none 
consider whether a particular technique may be ei- 
ther appropriate or contraindicated in some circum- 
stances. Crosby and Lui suggest that the method is 
generally unimportant as long as a cervical spine 
injury is recognized and reasonable care is taken with 
tracheal intubation. However, the risks and benefits 
of various approaches may vary according to the 
circumstances of specific cases. We review the advan- 
tages and disadvantages of alternative methods of 
establishing an airway in patients with actual or 
potential cervical spine trauma and propose that 
anesthesiologists develop a case-specific strategy for 
airway management. 


A nesthesiologists are often involved in the ini- 


Mechanism of Injury 


The cervical spine (C-spine} is the most mobile por- 
tion of the vertebral column and the least supported. 
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Thus, it is the most susceptible to excessive move- 
ment and injury during impact accidents. The poten- 
tial types of injury include hyperextension, hyper- 
flexion, compression, rotation, and penetrating 
injuries. Hyperextension injuries are common in falls 
and can occur with blows to the face or head, 
whereas hyperflexion may result from acute deceler- 
ation in motor vehicle accidents (11). Instability may 
result when all the anterior support elements (the 
anterior and posterior longitudinal ligaments, the 
vertebral bodies and disks) or all the posterior ele- 
ments (the capsular ligament, facet joints, inter- 
spinous and intraspinous ligaments) are disrupted 
(12). The likelihood of instability increases in more 
forceful accidents and when there is both rotation 
and linear displacement of the ‘spine (13). In an 
unstable spine, normal movement and loads can 
disrupt anatomic relationships, causing pain or neu- 
rologic defects (14). Between 25% and 75% of all 
traumatic C-spine injuries are unstable (15-19). After 
hyperextension the C-spine is more stable in flexion. 
The reverse is true for hyperflexion injuries (12). 


Evaluation 
History 


Cervical spine injuries occur in 1.5%-3% of all major 
trauma cases (15,19-22). The types of accidents in- 
clude motor vehicle accidents, falls, diving accidents, 
blunt head and neck traumas, penetrating neck inju- 
ries, and contact sports injuries. Motor vehicle acci- 
dents cause 50%-70% of C-spine injuries. Most vic- 
tims are men between 15 and 35 yr old (23). Daffner et 
al. (24) found that 10% of the drivers and 6% of the 
passengers in front-end collisions at speeds greater 
than 35 mph suffered C-spine injuries. The incidence 
is 6%-10% in head-first falls (25,26) and 3% or less for 
other accidents (lower speed motor vehicle accidents, 
blunt head trauma, or side- or foot-first falls (15,19, 
21-23,26-29). The incidence of C-spine injuries in 
head trauma victims is 1%-3% in adults and 0.5% in 
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Table 1. Frequency of Cervical-Spine Injuries in 
Pediatric Trauma 


C-spine 
Number of 5 
Study patients No. h Age range 
Rachesky (30) 2133 25 1.2 2-17 yr 
Lally (31) 187 1 0.5 1 mo-18 yr 
Roshkow [32)? 45 0 0 1-12 yr 
“Head-first falls. 


children, no higher than the figures for trauma vic- 
tims in general (15,21,27-30). 

Young children are less vulnerable to C-spine 
injury (Table 1), presumably because they weigh less 
and have more cartilage than adults (30-32). The 
vulnerability increases with the age of the child 
(30,33), and the risk is greater in more violent acci- 
dents. Bohn and colleagues (34) found high C-spine 
injuries in 14 pediatric high-velocity motor vehicle 
accident victims (aged 2-14 yr) with multiple trauma 
and severe head injury. Cervical spine injuries in 
children less than 2 yr old are almost exclusively at 
C-1 or C-2 because the facet joints at these levels are 
more horizontal and the ligaments are more lax than 
in adults (35). 


Physical Examination 


Table 2 shows the key association between C-spine 
injury and neck pain or tenderness in alert trauma 
patients (15,21,22,26,28-31,36). There are several case 
reports of unrecognized C-spine injuries (37-39), but 
these patients had either slight neck discomfort or 
altered mental status (20,26,29,36). Alert patients 
without neck pain or tenderness should not have 
cervical injury and should not require further C-spine 
evaluation, neck immobilization, or special precau- 
tions during airway management. The criteria must 
be applied stringently, however. If a patient has the 
slightest amount of neck discomfort, is not fully alert, 
or has other very painful injuries, C-spine precau- 
tions must be maintained until the absence of injury 
is demonstrated. 

Vertebral injury can occur without cord damage 
because the spinal canal is widest in the cervical 
region. Neurologic deficits are present in 30%—70% of 
patients with significant spinal column injury (23,40- 
43). Deficits are more frequent in patients with frac- 


ture-dislocations or with bone injuries from C-5 to - 


C-7 (42). They range from mild sensory loss to one of 

several neurologic syndromes (Table 3) (11). 
Two-thirds of all trauma patients have multiple 

injuries that may interfere with full C-spine evalua- 
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tion (44). These include pneumothorax, hemothorax, 
cardiac tamponade, blunt abdominal trauma, and 
major fractures of the pelvis or extremities. Facial soft 
tissue injuries, chin lacerations, and facial fractures 
are common in patients with C-spine trauma and 
may complicate airway management (45-47). The 
presence of facial injuries does not increase the like- 
lihood of a C-spine injury above the 1%-3% incidence 
for trauma patients, however (48-51). Hypovolemia 
may be caused by bleeding from fractures or by 
intraabdominal hemorrhage. The patient may also 
have cardiovascular or respiratory compromise be- 
cause of spinal cord injury (52). Spinal shock is the 
syndrome of hypotension, bradycardia, areflexia, 
and gastrointestinal atony lasting days to weeks after 
cord injury. Loss of vasomotor tone with injuries 
above T-7 can cause hypotension, and more cephalad 
lesions result in greater cardiovascular effects. Brady- 
cardia results from unopposed vagal tone after losing 
the sympathetic stimulation through the T-4 to T-5 
cardiac accelerator fibers. 

The degree of respiratory compromise depends on 
the level of the lesion. Patients with injuries at or 
above C-4 suffer respiratory failure because of lack of 
diaphragmatic function. Patients with lower lesions 
may have up to 70% reduction in forced expiratory 
volume and in forced vital capacity from the loss of 
intercostal muscle tone and activity and may also 
have reduced vital capacities because the loss of 
abdominal muscle tone flattens the hemidiaphragm, 
preventing it from developing maximal tension (53). 
Patients with cervical cord injuries are at risk of 
respiratory failure because of decreased ability to 
cough and clear secretions, immobility, and abdomi- 
nal distention. 


Radiologic Examination 


The three standard plain views of the C-spine (the 
cross-table lateral, anterior-posterior, and open- 
mouth views) should be obtained early in the evalu- 
ation. All seven vertebrae must be examined because 
20% of all C-spine injuries are at C-7 (54,55). Pulling 
the arms and shoulders caudad may be necessary to 
see C-7. If this is insufficient, raising the arm closest 
to the film over the head and depressing the opposite 
arm (the swimmer’s view) may expose it. Additional 
views, such as obliques, flexion-extension views, or 
pillar views may clarify suspicious areas on the stan- 
dard views. The “gold standard” is computed tomog- 
raphy (CT) scan. It is superior to plain films in 
identifying injuries at C-1 or C-2, showing fine detail 
and resolving tissue densities (56). Fractures in an 
axial plane are difficult to identify by CT scan and 
ligamentous injuries may not be appreciated, how- 
ever (57). Magnetic resonance imaging scan may 
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Table 2. Cervical-Spine Injury and Neck Pain or Tenderness in Alert Trauma Patients 


No. of patients 


With C-spine With neck 

Study injury pain 
Fisher (29) 5 5 
Roberge (26) 6 6 
Bayless (21) 2 2 
Bachulis (15) 65 65 
Ringenberg (36) 253 247" 
Lally (31)° 16 16 
Rachesky (30)° 21 21 


"Six patients with other painful injuries did not report neck pain. 
*Pediatric trauma. 


Table 3. Neurologic Syndromes Possible With 
Cervical-Spine Injury 


Syndrome Findings 


Brown-Sequard Ipsilateral paralysis 

Ipsilateral position and vibration sense loss 
Contralateral temperature and pain sense loss 
Acute central cord Bilateral motor loss, arms>legs 

Bladder control loss 

Variable sensory loss 

Bilateral motor, pain, and temperature loss 
Preserved position and vibration sense 


Anterior cord 


improve recognition of spinal cord pathology. How- 
ever, routine C-spine CT or magnetic resonance im- 
aging scanning of every trauma patient would be 
impractical because of the time and the risk associ- 
ated with transporting a potentially unstable patient 
to the scanner. 

A radiologist should evaluate emergency C-spine 
films, but the anesthesiologist should have the skill in 
reading them also, as the condition of the spine will 
affect the choice of airway management technique. 
Evaluation includes the alignment of the vertebrae, 
the condition of the bones and cartilage, and the 
width of the soft tissue spaces and intervertebral 
spaces (the ABCs of cervical radiograph interpreta- 
tion—Alignment, Bones, Cartilage and soft tissue 
spaces) (58). Alignment is best assessed by tracing 
four anatomic lines on the cross-table lateral view 
(Figures 1 and 2A). Spinous processes, vertebral 
bodies, and transverse processes should be aligned 
from one level to the next on the anterior-posterior 
view. Misalignment may be gross (Figure 3) or subtle 
(Figures 4 and 5). Fractures should be sought on all 
views by tracing the cortex around the vertebral 
bodies, lamina, pedicles, spinous processes, and 
dens (Figure 6). Compression fractures appear as 
wedging and increased density of the anterior part of 
the vertebral body or loss of more than 3 mm body 
height anteriorly. On the open-mouth view, the gap 


No. of patients 


Without With C-spine 
Study neck pain injury 
Fisher 328 0 
Roberge 141 0 
Bayless 122 0 
Neifeld (28) 145 0 
Kreipke (22) 324 0 


(4) 


Figure 1. Diagram of the lateral view of the cervical spine demon- 
strating normal alignment. Lines drawn through the anterior mar- 
gins of the vertebral border. (1), the posterior margins (2), the 
junction between the lamina and spinous processes (3), and the 
tips of the spinous processes (4) should be smooth curves. Lines (2) 
and (3) are the approximate boundaries of the spinal canal. 
(Reprinted with permission of the publisher. From Williams C, 
Bernstein T, Jelenko C. Essentiality of the lateral cervical spine 
radiograph. Ann Emerg Med 1981;10:198-204.) 


between the lateral masses of C-1 and the dens 
should be equal on the right and the left sides, and 
the lateral masses should not extend beyond the body 
of C-2 (Figure 2C). Deviation indicates a fracture of 
the vertebral arch of C-1, a Jefferson fracture (Figure 
7) (59). Assessment of cartilage includes the disk 
spaces and facet joints. The disk spaces should be 
uniform and of roughly equal height.and width at all 
levels. The facet joints, the articulations between the 
lamina and pedicles of adjacent vertebrae, should be 
roughly the same width at all levels. The pillar view, 
angled 35° toward the feet and centered on the 
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Table 2. Cervical-Spine Injury and Neck Pain or Tenderness in Alert Trauma Patients 


No. of patients 
With C-spine With neck 

Study injury pain 
Fisher (29) 5 5 
Roberge (26) 6 6 
Bayless (21) 2 2 
Bachulis (15) 65 65 
Ringenberg (36) 253 247 
Lally (31) 16 16 
Rachesky (30)° 21 21 


“Six patients with other painful injuries did not report neck pain. 
*Pediatric trauma. 


Table 3. Neurologic Syndromes Possible With 
Cervical-Spine Injury 


Syndrome Findings 


Brown-Sequard Ipsilateral paralysis 
Ipsilateral position and vibration sense loss 
Contralateral temperature and pain sense loss 
Acute central cord Bilateral motor loss, arms>legs 
Bladder control loss 
Variable sensory loss 
Bilateral motor, pain, and temperature loss 
Preserved position and vibration sense 


Anterior cord 


improve recognition of spinal cord pathology. How- 
ever, routine C-spine CT or magnetic resonance im- 
aging scanning of every trauma patient would be 
impractical because of the time and the risk associ- 
ated with transporting a potentially unstable patient 
to the scanner. 

A radiologist should evaluate emergency C-spine 
films, but the anesthesiologist should have the skill in 
reading them also, as the condition of the spine will 
affect the choice of airway management technique. 
Evaluation includes the alignment of the vertebrae, 
the condition of the bones and cartilage, and the 
width of the soft tissue spaces and intervertebral 
spaces (the ABCs of cervical radiograph interpreta- 
tion—Alignment, Bones, Cartilage and soft tissue 
spaces) (58). Alignment is best assessed by tracing 
four anatomic lines on the cross-table lateral view 
(Figures 1 and 2A). Spinous processes, vertebral 
bodies, and transverse processes should be aligned 
from one level to the next on the anterior-posterior 
view. Misalignment may be gross (Figure 3) or subtle 
(Figures 4 and 5). Fractures should be sought on all 
views by tracing the cortex around the vertebral 
bodies, lamina, pedicles, spinous processes, and 
dens (Figure 6). Compression fractures appear as 
wedging and increased density of the anterior part of 
the vertebral body or loss of more than 3 mm body 
height anteriorly. On the open-mouth view, the gap 


No. of patients 
Without With C-spine 
Study neck pain injury 
Fisher 328 0 
Roberge 141 0 
Bayless 122 0 
Neifeld (28) 145 0 
Kreipke (22) 324 0 





Figure 1. Diagram of the lateral view of the cervical spine demon- 
strating normal alignment. Lines drawn through the anterior mar- 
gins of the vertebral border. (1), the posterior margins (2), the 
junction between the lamina and spinous processes (3), and the 
tips of the spinous processes (4) should be smooth curves. Lines (2) 
and (3) are the approximate boundaries of the spinal canal. 
(Reprinted with permission of the publisher. From Williams C, 
Bernstein. T, Jelenko C. Essentiality of the lateral cervical spine 
radiograph. Ann Emerg Med 1981;10:198~204.) 


between the lateral masses of C-1 and the dens 
should be equal on the right and the left sides, and 
the lateral masses should not extend beyond the body 
of C-2 (Figure 2C). Deviation indicates a fracture of 
the vertebral arch of C-1, a Jefferson fracture (Figure 
7) (59). Assessment of cartilage includes the disk 
spaces and facet joints. The disk spaces should be 
uniform and of roughly equal height and width at all 
levels. The facet joints, the articulations between the 
lamina and pedicles of adjacent vertebrae, should be 
roughly the same width at all levels. The pillar view, 
angled 35° toward the feet and centered on the 
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Figure 2. Standard roentgenographic views of a normal cervical spine. (A) Cross-table lateral, (B) anterior-posterior, (C) open-mouth. 





Figure 3. Lateral C-spine roentgenogram of a 27-yr-old man who 
fell off a cliff, showing anterior subluxation of C-5 on C-6 with 
bilateral locked facets. Compare with the diagram in Figure 1 and 
the normal radiograph i in Figure 2A. 


suprasternal notch, may be used to examine the facet 
joints and the vertebral arches. Widening of the soft 
tissue spaces suggests hemorrhage, edema, abscess, 
foreign body, or tumor, and may be the only sign of 
an injury at C-1 or C-2 (Figure 8). It should also alert 
the anesthesiologist that airway structures may be 
distorted and tracheal intubation could be difficult. 


Table 4 summarizes the studies of the sensitivity of 


roentgenography in diagnosing C-spine injuries (13- 
17,55,60,61). The cross-table lateral view missed 15%- 
20% of C-spine injuries, and the combination of the 
cross-table lateral view, anterior-posterior, and open- 
mouth views missed 8% of fractures. The missed 
injuries were often unstable. As the sensitivity of 
plain radiographs is only 75%-90%, negative plain 
radiographs cannot be used as sufficient criteria for 
ruling out a C-spine fracture, especially if a patient is 
at high risk. For example, a victim of a head-first fall 
has a 10% chance of having a C-spine injury. Given a 
10% false-negative rate, a set of roentgenograms 
negative for spine injuries s reduces the probability of 
an injury to 1%, not to 0. Roentgenograms suggestive 
of injuries should be regarded as positive, unless 
further studies resolve the uncertainty. 

Signs of instability on the regular roentgenograms 
include subluxation of greater than 3.5 mm, traumatic 
disk space widening or narrowing, and kyphosis (rota- 
tion of adjacent vertebrae relative to each other in a 
sagittal plane) of greater than 11°. Tear-drop fractures, 
bilateral facet dislocations, hangman’s fractures, and 
hyperextension fracture dislocations are potentially un- 
stable injuries (13). However, C-spine stability may be 
difficult to determine from the standard plain radio- 
graphs; and special studies, such as controlled flexion- 
extension roentgenography, are sometimes required 
Figure 4). The safest approach in emergency situations 
may be to treat all injuries as unstable. 





Summary 


Table 5 divides trauma patients into risk groups for 
C-spine injury based on history, physical examination, 
and roentgenographic findings. Victims of head-first 
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CERVICAL SPIN 





Figure 4. Lateral C-spine roentgenograms of a 63-yr-old man after a motor vehicle accident. The intial roentgenogram (A) shows only 





degenerative joint disease. A 


subsequer.t roentgenogram (B) taken with neck flexion 2 days later shows anterior subluxation at C5-6. The 


posterior alignment of the vertebral bocies and the spinolaminal line are disrupted at C-6. 





Figure 5. Hangman’s fracture in a man who fell downstairs. Note 
the subtle misalignment of the vertebral body at C-2 (#) and the 
interruption of the spinolaminal line. 


falls and high-speed motor vehicle accidents are at high 
risk (approximately a 10% chance of C-spine fracture). 
All other trauma patients are in the low-risk group with 
a 1%-3% incidence of C-spine injury. The diagnosis of 





Figure 6. Hyperextension injury with a tear-drop fracture at C-4 
(arrow). These are often unstable injuries. The fracture results from 
avulsion of a ligament insertion and only occurs with a forceful 


accident. 


C-spine fracture is made by roentgenography or CT 
scan, or is presumed because of neurologic deficit. Alert 
patients without neck pain or tenderness, patients with 
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Figure 7. Jefferson fracture seen on open-mouth view. Arrows 
point to the lateral masses of C-1, extending lateral to the body of 
C-2. 





Figure 8. Avulsion of the anterior margin of C-2 (large arrow) 
accompanied by significant soft tissue swelling, delineated by 
smailer arrows. The space between the anterior border of C-2 and 
the pharyngeal air density should be no wider than 7 mm. The 
space between the air density and the body of C-7 should be no 
greater than 2 cm. This is the rule of 27: 2-cm maximum width at 
C-7 and maximum width at C-2 of 7 mm. 


normal C-spine CT scans, and low-risk patients with a 
full set of normal C-spine roentgenograms are pre- 
sumed to have normal C-spines. A high-risk patient 
with plain film radiographs showing normal C-spine 
still has a 1% or greater chance of having a C-spine 
injury because plain radiographs are not 100% sensi- 
tive. 
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Table 4. Sensitivity of Cervical-Spine Films 





Number of patients Sensitivity” 

Study View with C-spine injury (%) 
Streitwieser (55) CTL 44 82 
3 Views 38 92 

Shaffer (16) CTL 39 74 
Bachulis (15) CTL 90 77 
Ross (17) CTL 13 85 
3 Views 13 92 

MacDonald (60) CTL 92 92 
Freemyer (61) 3 Views 33 91 





CTL, cross-table lateral view. 
The three views: cross-table lateral, anterior-posterior, and open-mouth. 
“Sensitivity = 100 x true-positives/(true-positives + false-negatives). 


Airway Management 


The trauma patient's neck must be immobilized as soon 
as help arrives at the scene of an accident until complete 
evaluation shows there is no injury. Soft collars are 
unsatisfactory for this purpose because they permit 
75% of normal neck movement (62). Rigid collars, such 
as the Philadelphia and the extrication collars, reduce 
flexion and extension to about 30% normal and rotation 
and lateral movement to about 50% (63). The best 
immobilization method is to secure the patient to a hard 
board from the head to buttocks or feet, place sandbags 
at either side of the head and put a rigid collar around 
the neck. This decreases movement to roughly 5% of 
normal (64). Cervical traction in the field is not recom- 
mended because the amount or direction of the force 
cannot be judged accurately and is likely to change 
during transport (11). 

Anesthesiologists are concerned about what manip- 
ulations of the head and neck are safe if the C-spine is 
unstable, how much movement is permitted, and what 
might be done to protect the spine during tracheal 
intubation. Unfortunately, there are few studies to 
guide airway management in these situations and these 
do not provide definitive guidelines. Consequently, 
airway management plans must depend on the anes- 
thesiologist’s judgment of what may be safe. In this 
section, we discuss the advantages, disadvantages, and 
potential risks of several airway interventions for pa- 
tients with possible C-spine injury. We also discuss the 
development of a case-specific airway management 
plan for patients with potential C-spine injuries based 
on the limited studies, the estimated risks of iatrogenic 
spinal cord injury, and the anticipated benefits and 
pitfalls of the various airway control techniques in 
specific clinical situations. 


Techniques 


Airway support. Airway obstruction is relieved by 
chin lift, jaw thrust, continuous positive airway pres- 


ai 


P 
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Table 5. Risk of Cervical-Spine Injury 


Known injury High-risk group (>10%) 
Positive C-spine Front-end MVA > 35 mph 
roentgenogram or CT scan without seatbelt 
Neurologic deficit Head-first fall 
Equivocal C-spine 
roentgenograms 


CT, computed tomography; MVA, motor vehicle accident. 


sure, or nasal or oral airway insertion. Chin lift and 
jaw thrust might move the neck and could damage an 
unstable spine. Aprahamian et al. (65) reported that 
both maneuvers caused a greater than 5-mm widen- 
ing of the disk space in a fresh cadaver with C5-6 
instability. A rigid collar did not reduce the amount of 
displacement. Oral or nasopharyngeal airway inser- 
tion caused minimal movement. Thus, chin lift and 
jaw thrust might be risky if the C-spine is unstable, 
but there was only one subject in this study and the 
mobility of the cadaver’s neck may have been less 
than that of a living patient. There are no outcome 
studies demonstrating that the maneuvers are dan- 
gerous in patients. Long-term airway control is not 
secure with bag and mask ventilation, and other 
procedures are needed to secure the airway. 


Direct laryngoscopy. Direct laryngoscopy is the fast- 
est and surest method of intubating the trachea. The 
airway is securely controlled without surgical inter- 
vention. Combative patients can be anesthetized and 
paralyzed for the procedure. However, some authors 
fear that neck movement during direct laryngoscopy 
may injure an unstable spine (2-6,9,10). Atlanto- 
occipital extension is essential to bring the larynx 
within line-of-sight of the mouth (66) and expose the 
vocal cords (67,68). Horton et al. (69) showed that 
there was also significant atlanto-axial extension but 
minimal movement in the lower C-spine during di- 
rect laryngoscopy in anesthetized volunteers. Thus, 
patients with unstable C-1 or C-2 injuries might be 
most vulnerable to neurologic damage from atlanto- 
occipital extension. 

Two studies have demonstrated that direct laryn- 
goscopy disturbs the C-spine in anesthetized volun- 
teers (70) or in cadavers with unstable spines (18).-In 
both studies, neck movement was not prevented by 
stabilization attempts. In-line traction on the head 
and neck reduced atlanto-occipital extension and 
flexion in the lower C-spine by 60%. In the cadaver 
study, axial traction stretched the spinal cord, a 
potentially harmful effect (18). Sudden worsening of 
neurologic deficits has been reported when traction is 
applied for spine stabilization (71) or to expose C-7 on 
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Moderate-risk group (1%-2%) No-risk group 

MVA Alert patient without neck pain or 

Head injury tenderness 

Non-head-first fall Negative C-spine roentgenograms 

Contact sport injury (3 views) 

High-risk group with C-spine Negative C-spine CT scan 
roentgenograms negative 


for injuries 


radiographs (72). There are no studies showing that 
traction protects the spine during laryngoscopy. 

Neck movement can clearly result in neurologic 
injury. New neurologic deficits are 7.5 times more 
frequent if a C-spine injury is unrecognized (73), and 
up to 10% of patients with C-spine injuries will suffer 
neurologic deterioration if immobilization is not im- 
plemented (23). 

Is neck movement during direct laryngoscopy as- 
sociated with neurologic risk? Four studies of neuro- 
logic outcome after direct laryngoscopy with head 
and neck stabilization found no evidence of neuro- 
logic deterioration after intubation in 62 patients 
(8,74-76). Thus, direct laryngoscopy does not cause 
frequent injury in C-spine-injured patients. How- 
ever, these studies are retrospective, and 62 patients 
are too few to conclude that there is negligible risk. If 
the results of the four studies are pooled, the 95% 
confidence limits for risk of neurologic deterioration 
with direct laryngoscopy would be 0%-7% (77). A 
study with no change in neurologic outcome in 475 
patients would be needed to show the risk was less 
than 1% (77). In the best-described of these studies, 
Rhee et al. (76) found that 6 of 18 patients had stable 
injuries and only 7 had C-1 or C-2 injuries; the 
injuries, we believe, put the patient at greater risk. 
Finally, although an adverse effect of direct laryngos- 
copy has not been demonstrated in the published 
studies, there is anecdotal evidence for catastrophic 
results from direct laryngoscopy without head and 
neck stabilization. For example, we know of two 
cases of quadriplegia or death after laryngoscopy in 
patients with unrecognized C-spine injuries (unre- 
ported data). 

Difficult or failed tracheal intubation may be an- 
other danger of direct laryngoscopy in patients with 
potential C-spine injury. Head and neck stabilization 
prevents complete alignment of the mouth and glot- 
tis, and the person stabilizing the head and neck is in 
the way of the laryngoscopist. Blood in the pharynx, 
facial and pharyngeal edema, facial fractures, and 
soft tissue injuries are common in patients with 
C-spine injuries (48,49) and may interfere with laryn- 
goscopy. Finally, C-spine fractures can cause he- 
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matoma and edema formation around the larynx. 
Prevertebral swelling associated with C-spine injuries 
caused airway compromise in three patients re- 
ported. Laryngeal anatomy was distorted, resulting 
in difficult direct laryngoscopy in two patients and 
necessitating fiberoptic laryngoscopy in the third 
(78-80). 


Cricothyroidotomy. Cricothyroidotomy is a rapid 
but invasive method of controlling the airway. It 
might be executed without moving the neck, but 
there are no studies proving this. Cervical spine 
immobilization may make the operation more diffi- 
cult. There are no studies of neurologic outcome after 
cricothyroidotomy in patients with C-spine injuries. 

McGill et al. (9) described the experience with 38 
emergency cricothyroidotomies performed by surgi- 
cal and emergency medicine residents. The 14 imme- 
diate complications ($2%)—execution time greater 
than 3 min, inability to place the tracheal cannula, 
minor bleeding, and placement of the cannula into 
the trachea at a site other than the cricothyroid 
membrane—were ascribed to the resident's inexperi: 
ence and none were. fatal. Spaite and Joseph (81) 
reported 16 emergency cricothyroidotomies performed 
outside the hospital by emergency medical personnel, 
The procedure failed to secure the airway four times 
(25%). All 16 patients had severe injuries, most were in 
cardiac arrest when intubated, and only three survived. 
The authors concluded that the use of cricothyroidot- 
omy in severely injured patients, possibly beyond re- 
covery, makes it impossible to determine if the proce- 
dure would be safe and would improve outcome in 
salvageable patients. 


Transtracheal ventilation. Transtracheal ventilation 
can bypass the need for cricothyroidotomy or direct 
laryngoscopy until the stability of the C-spine is 
determined or the trachea is intubated using another 
method, such as fiberoptic laryngoscopy. It is an 
effective mode of oxygenation and ventilation (82), 
but it does not protect against aspiration and it may 
not allow adequate, hyperventilation for patients with 
increased intracranial pressure. Moreover, the equip- 
ment ‘must be collected in advance and must be 
adaptable for patient transport. It may be difficult to 
perform if the head cannot be extended. The signifi- 
cant complications are barotrauma and catheter dis- 
lodgement. Smith et al. (83) reported eight nonfatal 
complications in 28 patients (29%) with emergency 
transtracheal ventilation: mediastinal and subcutane- 
ous emphysema, 3 patients; exhalation difficulty, 4; 
and arterial perforation, te, 


Awake tracheal intubation. Awake tracheal intuba- 
tion reliably secures the airway but may not be 
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appropriate if rapid intubation is necessary. Several 
authors have recommended awake techniques for 
patients with potential C-spine injuries, believing this 
will avoid moving or endangering the spine (2-6). 
Although the techniques do not depend on atlanto- 
occipital extension as direct laryngoscopy does, there 
is no documentation that they minimize neck move- 
ment. Aprahamian et al. (65) observed 5-mm poste- 
rior subluxation with blind nasotracheal intubation in 
the cadaver with C5-6 instability, but they believed 
this was due to hand pressure on the neck and not 
from insertion of the endotracheal] tube. 

Neurologic outcome with awake tracheal intuba- 
tion compares favorably to outcome with direct laryn- 
goscopy. Meschino and coworkers (84) retrospec- 
tively compared 233 patients with C-spine injuries 
who were not intubated with 136 C-spine-injured 
patients who received awake tracheal intubation. 
Although the injury severity score was higher in the 
intubation group, the percentage of patients with 
worsened neurologic status between initial examina- 
tion and discharge was the same in the two groups. 
They do not report what techniques were used, how 
many injuries were unstable, or what the distribution 
of injuries among different levels was. Again, it is not 
clear in a retrospective study how thorough the 
preintubation neurologic examination was. However, 
the size of the study would be sufficient to place the 
risk of neurologic deterioration due to awake tracheal 
intubation at less than 4% with 95% confidence (77). 

The fiberoptic technique allows intubation under 
direct vision and has a success rate close to 100% ‘in 
skilled hands (85). It may be rendered more difficult 
by salivation or pharyngeal bleeding secondary to 
previous attempts at retrograde or blind nasal tech- 
niques. Successful fiberoptic tracheal intubation re- 
quires a cooperative patient, a secretion- and blood- 
free airway, pharyngeal space unrestricted by edema 
or tumor, and adequate topical supraglottic and in- 
fraglottic anesthesia. Coughing or bucking will result 
in failure and might threaten an unstable spine, but 
anesthetizing the larynx and pharynx might increase 
the possibility of aspiration. However, Ovassapian et 
al. (86) found no evidence of aspiration by history, 
physical examination, or chest roentgenograpliy in 
the first 24 h after fiberoptic intubation with laryrigeal 
anesthesia in 105 patients at risk for aspiration. Fi- 
beroptic intubation may be more difficult in patients 
with head and neck immobilized on a rigid board 
because they cannot sit. In the supine position, the 
tongue and pharyngeal tissues may fall into the 
posterior pharynx, obscuring the space for endos- 
copy. Secretions and topical anesthetics are also mote 
likely to pool in the throat and may gag the patient, 

Retrograde tracheal intubation over a wire passed 
through the cricothyroid membrane and out the nose 
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or mouth is rapid and has a high success rate in the 
trauma patient (87). Blind nasotracheal intubation is 
successful in more than 90% of patients but requires 
multiple attempts in 67%~-90% of patients (88-90). 
Thus, it may be slower and cause trauma to the nose 
or pharynx. It is contraindicated in patients with 
midface or basilar skull fractures because of the risk of 
entering the cranial cavity (91). 


Summary. Direct laryngoscopy is the fastest non- 
invasive method of securing the airway but requires 
atlanto-occipital extension. Head and neck stabiliza- 
tion reduces, but does not prevent, spine movement 
during direct laryngoscopy. Its effect on outcome has 
not been studied. Head and neck stabilization may 
make tracheal intubation more difficult with any 
technique. There is no evidence that any of the 
techniques are either safe or dangerous in patients 
with unstable C-spines. Three small studies of emer- 
gency cricothyroidotomy and transtracheal ventila- 
tion report a 25%-30% complication rate but no 
fatalities. These techniques have not been studied 
specifically for C-spine trauma. 


Management Plan 


Many airway management plans would be reason- 
able for patients with potential C-spine injuries be- 
cause there is no evidence for the superiority of any 
individual tracheal intubation technique. Rhee et al. 
(76) and Crosby and Liu (1) recommend that anesthe- 
siologists choose the technique with which they have 
the most expertise. However, the studies of neurologic 
risk with tracheal intubation are too small to establish 
that the direct laryngoscopy and awake techniques are 
equally safe in all situations. Certainly, a technique with 
a 0.1% risk of neurologic deterioration or death would 
be preferable to one with a 4% risk. We suggest that 
anesthesiologists exercise professional judgment about 
the safety and appropriateness of the various methods 
on a case-specific basis. 

The urgency of airway intervention is the most 
important factor in planning airway management for 
patients with potential C-spine injuries. Other con- 
siderations include the assessment of the risk of cord 
injury with head and neck movement, the airway 
anatomy, the patient's degree of cooperation, and the 
anesthetist’s expertise. The following sections discuss 
development of case-specific strategies for airway 
management of patients with C-spine trauma. 


Immediate intervention. Patients may need immedi- 
ate airway control because of hemodynamic instabil- 
ity, respiratory failure, high aspiration risk, or ele- 
vated intracranial pressure. They should initially 
receive oxygen by bag and mask with assisted venti- 
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lation. Airway obstruction may be relieved by contin- 
uous positive airway pressure (a “tight bag”), oral or 
nasal airway insertion, chin lift, or jaw thrust. The 
front half of the rigid collar may need to be removed 
for chin lift and jaw thrust. After establishing venti- 
lation, direct laryngoscopy is the fastest and surest 
method of securing the airway. The neurosurgeons at 
our institution recommend that the head and neck be 
stabilized in a neutral position for direct laryngoscopy 
without pulling on the head. We remove the front 
half of the rigid collar before inducing anesthesia 
because it interferes with opening the mouth. Succi- 
nylcholine may be used for muscle relaxation without 
danger of hyperkalemia if the injury occurred within 
48 h (92). We try to avoid neck flexion, and we extend 
the head the minimum amount necessary to see the 
cords. The amount of spine movement is the same 
with curved or straight blades (70). 

Direct laryngoscopy is probably the method of 
choice for immediate airway control of patients with 
actual or potential C-spine injuries. The risk of neu- 
rologic complications from direct laryngoscopy in 
patients with unstable C-spines has not been quanti- 
fied, although there is evidence that significant com- 
plications can result from cricothyroidotomy or trans- 
tracheal ventilation (9,81,83). Cricothyroidotomy or 
transtracheal ventilation may be indicated in patients 
with anatomic features that portend difficult direct 
laryngoscopy under normal circumstances, because 
direct laryngoscopy will be even more difficult with 
head and neck stabilization. As anesthesiologists 
cannot easily practice cricothyroidotomy and as the 
reported complications seem related to inexperience 
(81), emergency cricothyroidotomy is best performed 
by an experienced surgeon. 


Urgent intervention. In some situations involving 
potential or known C-spine injury, control of the 
airway may be urgent but immediate intervention is 
unnecessary. Although the severity of other injuries 
may preclude a definitive workup and formal stabili- 
zation of the C-spine injury, there may be adequate 
time for considering other techniques for securing the 
airway. Awake techniques, especially fiberoptic tra- 
cheal intubation, may be considered for these situa- 
tions. Although there is no proof that these methods 
minimize C-spine movement, they do not depend on 
atlanto-occipital extension and the head and neck 
stabilizing devices can be left in place, which is not 
the case with direct laryngoscopy. Furthermore, 
Meschino’s study of neurologic outcome after awake 
tracheal intubation had twice as many patients with 
C-spine injuries as all the outcome studies after direct 
laryngoscopy (84), so the safety can be proclaimed 
with somewhat greater confidence. However, an 
anesthesiologist who believes direct laryngoscopy is 
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safe could justify its use because there is no direct 
evidence of greater neurologic risk compared with 
other techniques. Fiberoptic laryngoscopy may be 
technically difficult or impossible in patients with 
pharyngeal edema, copious secretions, or blood in 
the airway. Awake techniques are generally inappro- 
priate for uncooperative patients. 


Nonurgent cases. Stable trauma patients with less 
urgent problems, such as a victim of a motorcycle 
accident with a tibia/fibula fracture, should have an 
operation delayed until the C-spine has been exam- 
ined adequately. Should an injury be detected, ap- 
propriate therapy, such as tongs and traction, should 
be instituted. If general anesthesia is selected for a 
patient in C-spine traction, any technique of tracheal 
intubation may be chosen, but awake intubation 
might be prudent because the traction will prevent 
optimal positioning for direct laryngoscopy. 


Conclusion 


The possibility of iatrogenic spinal cord injury is a 
difficult problem in the acute management of trauma 
patients. The anesthesiologist should know how to 
evaluate the C-spine and estimate the chances of an 
injury. There is an overall 1%-3% risk of C-spine 
injury in major trauma patients. Victims of head-first 
falls or high-speed motor vehicle accidents have a 
10% or greater chance of an injury, and C-spine 
roentgenograms showing normal results do not elim- 
inate the possibility of an injury. Special treatment is 
unnecessary in alert patients without neck pain or 
tenderness, because they are not likely to have 
C-spine injuries. 

There are few data to guide the anesthesiologist in 
selecting appropriate airway management tech- 
niques. The risk of worsened neurologic deficit after 
direct laryngoscopy, with or without spine stabiliza- 
tion, cannot be estimated with certainty. Anesthesi- 
ologists working with trauma patients may use their 
professional judgment to establish a management 
plan for C-spine injury. We have described the rea- 
soning behind our own management scheme, but 
many plans would be viable. 

The greatest flexibility in the choice of tracheal 
intubation method is associated with well-developed 
skills in each of the potentially useful techniques. At 
our institution, residents practice on laryngeal mod- 
els and perform awake fiberoptic laryngoscopy on all 
patients with mandible fractures and limited mouth 
mobility admitted for operation. Other indications for 
fiberoptic intubation in elective surgical patients in- 
clude reduced range of neck motion and poor denti- 
tion. Workshops to develop the skills for fiberoptic 
laryngoscopy are offered at many meetings. If the 
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anesthesiologist does not have expertise in different 
tracheal intubation techniques, airway management 
may be directed by the anesthesiologist’s skills, 
rather than by case-specific needs. 
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CasE REPORTS 


Perioperative Management for 


Laryngotracheal Reconstruction 


Richard W. Rowe, MD, James Betts, MD, and Edward Free, MD 
Departments of Anesthesiology and Surgery, Children’s Hospital Medical Center, Oakland, California 


ediatric patients with significant tracheal steno- 

sis traditionally have had cricoid split opera- 

tions, laser excisions, or stenting procedures 
(1-3). However, because of the high incidence of 
restenosis, a more extensive operation has been de- 
vised to resect and open the area of tracheal stenosis. 
The trachea is opened vertically and rib cartilage 
grafts are inserted to expand the circumference of the 
trachea (4,5). This is a report of the anesthetic man- 
agement of 10 pediatric patients during their exten- 
sive tracheoplasties. 


Methods 


The clinical pictures of the 10 patients are summa- 
rized in Table 1. 

The parents of these patients received extensive 
counseling from the anesthesiologist, the surgeon, 
and the intensivist about the nature of the operation, 
anesthesia, and postoperative care. The patients were 
taken to the operating room where standard monitors 
(electrocardiogram, precordial stethoscope, arterial 
‘blood pressure cuff, pulse oximeter, and tempera- 
ture) were placed on them. General anesthesia was 
induced with oxygen, nitrous oxide, and halothane 
via their tracheostomy tubes. Paralysis was induced 
by administration of a nondepolarizing muscle relax- 
ant, and ventilation was controlled with an Fio, of 
1.0, while peripheral intravenous lines, radial artery 
lines, and, when necessary, central venous lines, 
were started. The pulse oximeter, ETco, monitor 
(SARACap), and esophageal stethoscope, as well as 
frequent arterial blood gas analyses, were used to 
evaluate adequacy of ventilation. 

A bronchoscopy was performed to determine the 
level and severity of stenosis (Table 1). The trachea 
was then intubated orally with an appropriately sized 
uncuffed endotracheal tube, or, if the peas was 
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severely narrowed, an endotracheal tube was intro- 
duced through the tracheostomy site. The tip of the 
endotracheal tube was carefully advanced beyond the 
level of the tracheostomy but above the carina. The 
patient was prepared with sterile scrub solution from 
chin to umbilicus and draped. A vertical incision was 
made in the midline of the neck from a point superior 
to the level of stenosis to the tracheostomy. When 
adequate exposure of the trachea was obtained, a 
sterile endotracheal tube was passed directly into the 
distal trachea and the orally placed endotracheal tube 
was pulled back to the level of the laryngeal inlet. A 
sterile anesthesia breathing circuit with airway gas 
sampling device was connected to the endotracheal 
tube and the distal ends were connected to the 
anesthesia machine. Adequate ventilation was 
judged by observation of bilateral chest movement 
and adequacy of breath sounds from either an esoph- 
ageal stethoscope or bilateral pediatric chest stetho- 
scopes placed in the axilla, as well as by data from 
continuous capnography, pulse oximetry, and inter- 
mittent arterial blood gas analyses. Ventilation was 
easily managed, with respiratory rates of 18- 
30 breaths/min and tidal volumes of 15-20 mL/kg. 
Obstruction to ventilation occasionally occurred 
when the endotracheal tube was advanced to the 
carina. When this happened, ‘the surgeon was re- 
quested to manipulate the endotracheal tube to the 
point of improved ventilation. The inspired gases 
were humidified throughout the procedure. Six of 10 
patients required bronchodilator treatment for bron- 
chospasm, receiving 10-20 puffs of aerosolized Alu- 
pent via their endotracheal iubes until clinical im- . 
provement was noted. 

The surgical approach was ade easier by having 
the patient’s lungs ventilated by placement of the 
endotracheal tube directly in the distal trachea and 
consequently out of the area of surgical correction. 

A piece of rib was harvested from the right fourth, 
fifth, or sixth rib on each patient. A length of up to 
4 cm, depending on the length needed for repair of 
the tracheal stenosis, was carefully removed extra- 
pleurally. The rib was split lengthwise and fashioned 


Anesth Analg 1991;73:483-6 483 


484 CASE REPORTS ANESTH ANALG 
1991;73:483-4 
Table 1. Summary of the Patients in Whom Laryngotracheal Reconstruction Was Performed 
Tracheal Diameter of 
Age at time obstruction  subglottis 
Patient af surgery (%) (mm) Summary of medical problems Preoperative medication 
1 2 yr 75 <2.5 History of 28-wk GA infant with BPD, Diuril, Aldactone, Alupent, 
ASD repair, tracheostomy O, by tracheostomy 
2 20 mo 60 <2.5 History of 29-wk GA infant with BPD, Alupent 
tracheostomy 
3 2 yr 75 <2.5 History of full-term infant with ASD repair, 
pulmonary stenosis, tracheostomy 
4 2 yr 75 <2.5 History of 26-wk GA infant with BPD, Terbutaline, Diuril, 
PDA ligation, tracheostomy Aldactone, Bactrim 
5 21 mo 80 <2.5 History of 28-wk GA infant with BPD, Alupent 
tracheostomy 
6 14 mo 90 <2.5 History of 29-wk GA infant with BPD, Alupent 
tracheostomy 
7 15 yr >95 4.0 History of mental retardation and cerebral palsy, 
tracheostomy 
8 18 mo © 5 2.5 History of 33-wk GA infant with BPD, 
tracheostomy 
9 4yr >90 <2.5 History of C1/C2 subluxation, tracheostomy 
10 4 yr >90 <2.5 History of motor vehicle accident, tracheostomy 
GA, gestational age; BPD, bronchopulmonary dysplasia; ASD, atrial septal defect. 
= - : 


A. Rib graft 
cut in half along axis 





B. Superficial slits 
along axis 


VE 


C. Allows rib to be 
flexed into new shape 
Figure 1. A summary of how the rib is transformed into a tracheal 
graft. 


into an oval shape to fit either the posterior or 
anterior graft site. The rib graft was longitudinally 
ribbed so that it would become pliable. When it was 
placed over the stricture it increased the circumferen- 
tial area of the grafted trachea (Figure 1). In five 
patients a posterior incision was made in the trachea 
and a graft was sutured in place with absorbable 





Figure 2. The anterior graft was sutured in place with the peri- 
chondrial side of the graft facing the lumen of the trachea. 


sutures. In all patients an anterior graft was sutured 
in place with the perichondrial side of the graft facing 
the lumen of the trachea (Figure 2). When the ante- 
rior graft was ready to be positioned, a new endotra- 
cheal tube was inserted nasally and advanced care- 
fully into the trachea. The length of endotracheal tube 
needed was often longer than the standard size, and 
a customized endotracheal tube was fashioned by 
cutting the 15-mm connector at its base and using the 
plastic connector to join two endotracheal tubes to- 
gether (6). The two endotracheal tubes were joined 
by careful application of methylacrylate glue to the 
plastic connector and by sliding the two ends of the 
endotracheal tube over the connector. The extra 
length allowed the endotracheal tube to be extended 
to below the site of surgical repair but above the 
carina. The size of the endotracheal tube was chosen 
by determining what size would comfortably pass 
through the laryngeal inlet and not cause any com- 
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pression against the sides of the trachea or newly 
placed graft. The anterior graft was sutured in place 
and the incision was closed. 

The patients were transferred to the Pediatric In- 
tensive Care Unit and their lungs were ventilated 
with a frequency of 15-20 breaths/min and peak 
airway pressures of 15-20 cm H,0O for 7 days. Seven 
patients were kept paralyzed and sedated with a 
constant infusion of pancuronium and fentanyl, re- 
spectively. Three patients were heavily sedated with 
midazolam and a continuous infusion of fentanyl 
after 2 days of pancuronium paralysis. The patients 
had neck braces fitted to prevent flexion, extension, 
or lateral movement of their necks. Pulmonary care, 
including aerosolized Alupent treatment, percussion, 
suctioning, and careful log-rolling of patients, was 
implemented to avoid atelectasis and pneumonia. All 
patients received prophylactic antibiotics (Cefazolin, 
100 mg-kg~?-day~’) for 3 days. Antibiotics were 
continued for four patients for either a urinary tract 
infection or pneumonia. 

Administration of pancuronium was stopped by 
the sixth postoperative day (POD 6), and patients 
were evaluated on POD 7 for possible tracheal extu- 
bation. Criteria for extubation included the following: 
patient was alert; had satisfactory arterial blood gas 
results, with Fro, <40%, ventilatory rate <5, air leak 
around endotracheal tube <20 cm H,O, and satisfac- 
tory chest radiograph. Patients meeting these criteria 
had their tracheas extubated and received humidified 
oxygen by mask. Aerosolized racemic epinephrine 
was used to treat stridor in four of ten patients. The 
tracheas of nine patients were successfully extubated 
by POD 10. One patient required replacement of his 
tracheostomy for stridor on POD 14 but was success- 
fully decannulated in 1 mo with good result. 


Discussion 


Tracheal stenosis in the pediatric age group has 
various etiologies, including congenital and acquired 
lesions. All 10 patients in this series had acquired 
lesions. Six patients had a history of prematurity and 
had tracheal intubation for ventilatory management 
of respiratory distress syndrome. Four patients had 
postintubation stridor after either surgery or manage- 
ment of head trauma (Table 1). All patients were 
dependent on their tracheostomy tubes and had 
failed decannulation. All had severe tracheal narrow- 
ing in the subglottic region. 

The choice of the surgical procedure i is dependent 
on the degree of tracheal stenosis.. Cricoid split pro- 
cedures have been successful in the treatment of 
moderate tracheal stenosis at the level of the cricoid 
ring (7,8). There have been many other techniques for 
more severe tracheal stenosis, including. surgical, 
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laser, and electrocautery excision of tissue (9,10). 
Opening of the trachea and insertion of prosthetic 
material, esophageal tissue, or pericardial tissue have 
been reported (11-13). However, the long-term re- 
sults generally have been unsatisfactory because of 
restenosis, infection, or tracheomalacia. 

The advantage of the surgical approach to the 
patients in this series is that these patients will have 
larger tracheal lumens with minimal scarring. The rib 
graft is an excellent implant because it becomes 
vascularized and remains rigid. Therefore, there is 
little chance of tissue rejection or weakening of the 
implant (14). 

The anesthetic management of these patients must 
be tailored not only to their medical problems but 
also to the surgical considerations of this technique 
(15-18). The surgical considerations included having 
full exposure of the site of tracheal stenosis, as well 
as a still surgical field. Because many patients had 
a posterior graft inserted, it was desirable not to 
have an endotracheal tube or high-frequency jet 
ventilator tubing in the trachea at the time of the 
repair. 

All six patients with a history of prematurity had 
bronchopulmonary dysplasia, the long-term conse- 
quence of respiratory distress syndrome. These pa- 
tients were being managed with bronchodilator ther- 
apy and supplemental oxygen via their tracheostomy 
tubes. Respiratory management of these patients was 
optimally treated preoperatively to ensure that they 
did not have pneumonia or worsening broncho- 
spasm. Patients with bronchopulmonary dysplasia 
have a higher incidence of bronchospasm, bronchial 
secretions, low respiratory compliance, ʻ`and an in- 
creased Aao, gradient during their anesthetic care 
(19). Pediatric patients with tracheostomy tubes fre- 
quently have chronic tracheitis, which can complicate 
the patients’ intraoperative course with airway secre- 
tions, bronchospasm, and ventilation-perfusion mis- 
match. 

The patients in this series were given an anesthetic 
tailored to their respiratory problems. A combination 
of intravenous narcotic and inhaled anesthetics was 
used to obtain a deep level of anesthesia before any 
manipulation of the airway. Intraoperative broncho- 
dilator therapy was also used to prophylactically treat 
bronchospasm. 

The described anesthetic approach of placing a 
sterile endotracheal tube into the distal trachea has 
many advantages. This method was chosen over 
high-frequency ventilation for a number of reasons. 
The endotracheal tube is easily placed and secured by 
the surgeons. If the position of the tip were to go into 
the mainstem bronchi, it could quickly be detected by 
unequal breath sounds from the axillary stetho- 
scopes, a rise in the inspiratory pressure of ‘the 
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anesthetic circuit, a decrease in the oxygen satura- 
tion, or a change in end-tidal CO, or arterial blood 
gas analysis. 

It is also possible to deliver warmed, humidified 
oxygen, aerosolized bronchodilator treatment, and 
continuous inspired halothane throughout the case 
via an endotracheal tube. These agents may consti- 
tute an important part of managing pediatric patients 
with reactive airway disease, and they cannot be 
delivered via a high-frequency ventilation catheter. 

The main objection to high-frequency ventilation 
for these patients was having a catheter in the surgi- 
cal field. In the pediatric airway the catheter’s posi- 
tion must be monitored closely to ensure proper 
ventilation and delivery of an adequate amount of 
inspired oxygen, and to avoid barotrauma or move- 
ment of the surgical field (20,21). A second catheter is 
necessary to monitor airway pressures, and because 
it shares the surgical field it must be kept free of blood 
or secretions to function properly. A catheter for 
high-frequency ventilation would be in the operative 
field while the surgical procedure on the posterior 
trachea was being performed. 

The postoperative course for these patients in- 
volved having their tracheas remain intubated and 
ventilation being controlled for seven postoperative 
days. After tracheal resection in adults, early tracheal 
extubation helps to avoid trauma to the surgical site 
by the indwelling endotracheal tube. However, early 
attempts to extubate the trachea in these pediatric 
laryngotracheoplasty patients resulted in movement 
of their grafts and stridor. Therefore, these patients 
were managed by continuing an infusion of pancu- 
ronium, midazolam,: and fentanyl until the third 
postoperative day. In three patients pancuronium 
was discontinued while sedation was maintained. All 
patients were kept in neck: braces to immobilize the 
cervical spine. Careful respiratory therapy, including 
aerosolized bronchodilators, chest physiotherapy, 
and suctioning of endotracheal tubes was continued: 
Since the distal end of the endotracheal tube was 
below the suture line in the trachea, there was little 
danger of traumatizing the surgical repair by suction- 
ing from the endotracheal tube. 

Nine of ten patients had their tracheas successfully 
extubated by the 10th postoperative day. One patient 
required prolonged tracheal intubation and replace- 
ment of his tracheostomy tube. Bronchoscopy re- 
vealed a granuloma at the surgical site, which was 
removed by laser excision. The patient was success- 
fully decannulated 1 mo after his initial surgery. 

Long-term (18 mo to 4 yr) results for all patients 
have been excellent. The patients have had no epi- 
sodes of stridor or respiratory distress and have been 
undergoing speech physiotherapy with good results. 
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tient can stem from resuscitation efforts as 

well as from injury. In this case, a complica- 
tion associated with endotracheal intubation via the 
nasal approach was initially attributed to the trauma. 
Damage to the nasal mucosa, turbinates, and the 
nasopharyngeal wall during nasotracheal intubation 
have been well described (1), but dislodgement of a 
nasal turbinate by a nasotracheal tube with impaction 
in the bronchus is an unusual complication that has 
not previously been reported. When signs and symp- 
toms of bronchial obstruction are seen after tracheal 
intubation by the nasal approach in a trauma patient 
without external or radiographic evidence of chest 
trauma, this complication should be suspected. 


( Mien can st experienced by the trauma pa- 


Case Report 


A 20-yr-old woman was an unrestrained front-seat 
passenger in a high-speed motor vehicle accident. 
She was hemodynamically stable with spontaneous 
respirations but was unresponsive with a Glasgow 
Coma Scale score of 4 on initial assessment in the 
emergency room. Chest radiograph and lateral 
C-spine radiographs were normal. Except for a frac- 
tured arm and minor facial and leg abrasions, her 
only apparent injury was a closed head injury. Her 
trachea was intubated by an emergency room physi- 
cian using a Sheridan nasotracheal tube with a 6-mm 
inside diameter that was inserted through the left 
nostril. Hyperventilation was initiated, mannitol was 
administered, and the patient was taken for a com- 
puted tomographic scan, which revealed no cranial 
fractures and no intracranial mass lesions. Plans were 


The opinions and assertions contained herein are the private 
views of the authors and are not to be construed as official or as 
reflecting the views of the Department of the Army or the Depart- 
ment of Defense. 

Accepted for publication June 10, 1991. 

Address correspondence to Dr. Knuth, Major, Medical Corps, 
General Surgery Service, Tripler Army Medical Center, Tripler 
AMC, HI 96859-5000. 


made for ventriculostomy placement of an intracra- 
nial pressure monitor and for open reduction with 
internal fixation of her radius fracture. Preoperative 
evaluation by the anesthesiologist revealed decreased 
breath sounds and decreased chest expansion on the 
left side. Suctioning of the endotracheal tube revealed 
no obstruction and because there appeared to be no 
endobronchial intubation, a chest radiograph was 
obtained (Figure 1). An elevated left hemidiaphragm 
with some left lower lobe atelectasis was seen. The 
endotracheal tube was in good position. Vital signs, 
oxygen saturation, peak inspiratory pressures, and 
arterial blood gas levels remained normal, so she was 
taken to the operating room. Anesthesia was induced 
with the intravenous administration of thiopental 
and fentanyl and maintained with isoflurane and 
oxygen. A left subclavian central line was inserted for 
central venous pressure monitoring. Shortly thereaf- 
ter, the patient became difficult to ventilate with peak 
inspiratory pressures rising to 60 cm H,O. Ausculta- 
tion revealed decreased breath sounds on the left side 
without wheezing on either side. Although suction- 
ing again failed to demonstrate tube obstruction, 
about 10 mL of dark blood and secretions was ob- 
tained and ventilation improved. The nasotracheal 
tube was replaced by a tube with a 7-mm inside 
diameter through the same nostril, and peak inspira- 
tory pressures still remained elevated at 40 cm H,O 
and breath sounds remained diminished on the left 
side. A chest tube was inserted into the left side of the 
chest and placed to suction, but there was no resolu- 
tion of clinical findings. Rigid bronchoscopy was 
performed with the expectation of finding a dis- 
rupted bronchus or aspirated food or gum (dentition 
was intact). Instead, a 5.0- x 0.5-cm cartilaginous 
structure (Figure 2) consistent with a nasal turbinate 
was extracted from the left mainstem bronchus. Left- 
sided breath sounds and ventilation returned to nor- 
mal and the case proceeded without further diffi- 
culty. The pathologist later confirmed that the 
extracted tissue was a completely intact nasal tur- 
binate. 
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Figure 1. Emergency room chest radiograph showing slightly 
elevated left hemidiaphragm. 





Figure 2. Bronchoscopic specimen: left nasal turbinate. 


Discussion 


The observation of decreased breath sounds and de- 
creased movement of the left side of the chest led to an 
unsuspected finding. As the patient had no external 
evidence of chest trauma on physical examination and 
the initial emergency room chest radiograph was nor- 
mal showing no rib fractures, pneumothorax, hemotho- 
rax, or pulmonary contusion, we believed that total left 
chest opacification on chest radiograph only a few 
hours later was not related to the trauma. These 
changes may have been related to insertion of the 
central line, but lack of resolution with insertion of a 
chest tube ruled out hemothorax, intravenous fluid 
infiltration, and pneumothorax. The shift of mediasti- 
nal structures on the second film raised the question of 
bronchial obstruction owing to aspirated food, but an 
aspirated nasal turbinate was not suspected. 

In retrospect, nasotracheal intubation in the emer- 
gency room must have traumatized the anterior end 
of the inferior nasal turbinate, shearing it cleanly 
away from its lateral attachment to the nose. Positive 
pressure ventilation then gradually forced the mass 
into an obstructing position. Scamman and Babin (2) 
report a similar case with only partial avulsion of the 
middle turbinate secondary to nasotracheal intuba- 
tion. Their case involved persistent significant nasal 
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bleeding, which ours did not, that led to nasopha- 
ryngeal exploration. A computed tomographic scan 
revealed a possible tumor, but exploration revealed a 
turbinate partially sheared off and hanging on a 
vascular pedicle. Total amputation of a turbinate as 
the cause of endotracheal tube obstruction has been 
described by Torras et al. (3) and Boysen (4), but in 
each case, the obstruction was remedied by simply 
changing the endotracheal tube or by vigorous 
coughing (5). Total amputation leading to bronchial 
obstruction has not been described. 

Blanc and Tremblay (6) provide an exhaustive clas- 
sification and literature review of complications associ- 
ated with tracheal intubation without mentioning 
additional complications unique to the nasotracheal 
approach. Tintinalli and Claffey (1) in their list of 
complications specific to nasotracheal intubation in- 
clude damage to the turbinates without mentioning 
amputation. Plugging of a nasotracheal tube by a nasal 
polyp (7), blood clot (8), and tumor (9) have also been 
described. Harvey and Amorosa (10) found that 33% of 
nasotracheal tubes become soiled with some type of 
pharyngeal tissue during intubation. The incidence of 
this occurrence increases to 57% when resistance is 
encountered during passage of the tube, 69% when 
bleeding is encountered, and 86% when both resistance 
and bleeding are encountered. Rector et al. (11), draw- 
ing from Scamman and Babin’s (2) experience with 
turbinate avulsion, describe techniques and theory to 
reduce the risk of these complications. Recommenda- 
tions relevant to avoiding turbinate damage are as 
follows: (a) Use an appropriately sized tube (5.5- 
6.5 mm inside diameter for women and 6.0-7.0 mm 
inside diameter for men depending on anatomic varia- 
tion). Smaller tubes are less traumatic, but larger tubes 
with greater flows and ability to accommodate suction- 
ing catheters can generally be left in place for long-term 
airway management. (b) Use the most patent nare 
(consider septal deviation, nasal lesions, and conges- 
tion owing to colds, allergies, and the human nasal 
cycle). (c) Use the right nostril first if all else is equal (the 
bevel at the tube tip will then point away from the nasal 
turbinates located laterally and thereby have less op- 
portunity to snag and shear them). If the left nostril is 
used, the tube should be inserted upside-down and 
then turned once inserted past the turbinates. (d) Never 
force a tube (if resistance is met, retreat and try again). 
Also, visual inspection of the tube lumen as it passes 
the retropharynx and before entry through the vocal 
cords can help prevent obstructive complications (3,10). 
Kawamoto and Shimizu (12) suggest using a Foley 
catheter as an obstructor for the tracheal tube to prevent 
its obstruction, but others (3) doubt the practicality of 
this suggestion. Simple awareness that this complica- 
tion does occur is probably the best preventative mea- 
sure. 
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that can present both diagnostic and therapeu- 

tic challenges. A patient with chronic frontal 
headache was successfully diagnosed and treated for 
neuropathic pain caused by posttraumatic supraor- 
bital nerve injury. 


( “that enigmatic headache is a clinical entity 


Case Report 


A 58-yr-old woman was referred by our neurology 
service for evaluation of chronic right-sided frontal 
headache. The patient described a 30-mo history of 
severe, sharp pain over the right eye radiating to the 
right forehead. The pain occasionally radiated to the 
right temporal and parietal areas as well. 

The pain was slightly relieved by the combination 
of 50 mg of butalbital, 325 mg of acetaminophen, and 
40 mg of caffeine (Fioricet, Sandoz Pharmaceutical). 
Antinflammatory medications provided no relief, 
and the pain began interrupting her usual sleep 
pattern. She was therefore taking 50 mg of oral 
nortryptiline (Pamelor, Sandoz Pharmaceutical) to 
facilitate sleep. 

She had been repeatedly evaluated for frontal 
sinusitis. After skull radiographic series, a computed 
axial tomography scan, electroencephalography, and 
a magnetic resonance imaging scan, the patient was 
empirically treated with antibiotics. Her medical his- 
tory was otherwise unremarkable. With increasing 
pain and lost time at work, she was referred for pain 
clinic evaluation. 

Three weeks before the onset of her headaches, 
the patient underwent excisional biopsy of a “mod- 
erately sized” right frontal scalp lipoma, under iso- 
forane-nitrous oxide endotracheal anesthesia. After 
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induction of the anesthetic, 15 mL of 0.5% lidocaine 
containing epinephrine 1:200,000 was infiltrated lo- 
cally surrounding the lesion to decrease surgical 
bleeding. The lesion was excised, and she recovered 
uneventfully from the anesthetic. 

At first, her headaches were described as “mild” 
frontal aches that required no attention on the part of 
the patient. Over the course of several months, 
however, the headaches gradually worsened to the 
point where they were described as “incapacitating.” 
The headaches were intermittent, occurring two to 
three times per day. The pain would begin over the 
right frontal area and lancinate over the vertex. The 
headaches lasted from a few minutes in duration to as 
long as several hours. On occasion, the headaches 
would awaken the patient from sleep. Physical exam- 
ination revealed a normally developed black woman. 
Neurologic examination was entirely normal, but the 
right supraorbital notch was exquisitely tender. Per- 
cussion of the supraorbital nerve produced the con- 
stellation of complaints typical of her headaches. 

Diagnostic supraorbital nerve block was per- 
formed with 0.25% bupivacaine with epinephrine 
1:200,000 and 20 mg of methylprednisolone using a 
27-gauge tuberculin syringe. The total volume of 
injectate was 0.5 mL. Moments after the injection, the 
pain disappeared. Palpation then revealed that the 
patient was no longer tender over the supraorbital 
notch. 

The patient was given 20 mg of oral piroxicam 
(Feldene, Pfizer Labs) daily, and 0.5 mg of oral 
clonazepam and 50 mg of nortriptyline at night. 

At reevaluation 2 wk later, the patient reported a 
dramatic decrease in the frequency of her headaches 
and in the severity of her pain. During the 2-wk 
interval after the first supraorbital nerve block, the 
patient reported a total of only two or three mild 
headaches in marked contrast to the two or three 
severe daily headaches before the first block. Physical 
examination revealed persistent tenderness over the 
supraorbital notch, but it was far less severe than it 
had been at the time of the first evaluation. The 
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supraorbital nerve block was repeated using an iden- 
tical technique. At follow-up 2 wk later, the patient 
denied any pain during the 2 wk. Several months 
later, the pain had yet to return. Her medications 
were discontinued, and the patient continued to do 
well, 


Discussion 


The supraorbital nerve is a terminal branch of the 
ophthalmic division of the trigeminal nerve. This 
cutaneous sensory nerve passes between the levator 
palpebrae superioris and periosteum of the roof of 
the orbit exiting through the supraorbital notch. It 
supplies sensory fibers to the ipsilateral forehead and 
scalp extending variably to as far as the lambdoid 
suture. The passage of the nerve through the su- 
praorbital notch and the location of the nerve against 
the frontal bone renders it susceptible to injury. 
Chronic compression of the supraorbital nerve 
against the frontal bone has been reported to cause 
“migraine” (1), and the wearing of tightly fitting 
swimming goggles may be the cause of chronic 
headaches owing to supraorbital neuralgia (2). 
Although the exact mechanism of neural trauma in 
this case is unclear, there are several possibilities. The 
neuropathy could have resulted from retractor 
trauma at the time of surgery. Compression or stretch 
of the nerve could precipitate a traumatic mononeu- 
ritis, the pain developing after the inflammatory 
process progresses to a point where cicatrix formation 
around the nerve compresses the nerve at the su- 
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praorbital notch. This process of scar formation can 
be slow in onset, but a keloidlike process in this 
individual may have occurred. 

Trauma to the nerve might have occurred as a 
result of the local anesthetic injection performed after 
the patient was induced with the general anesthetic. 
If the injection had been given intraneurally, a chem- 
ical neuritis might have resulted. In an awake patient, 
an intraneural injection is extremely painful, thereby 
alerting the surgeon to cease injection and to reposi- 
tion the needle before damage can occur. In this case, 
however, the patient was anesthetized, thereby elim- 
inating this clinical sign. 

An additional possible cause is compression neu- 
ropathy secondary to anesthesia mask pressure. The 
nasal portion of the anesthesia mask rests directly 
over the supraorbital notch. As this patient’s facial 
anatomy may have mandated increased pressure to 
achieve a satisfactory mask seal, the pressure of the 
superior border of the mask may have contributed to 
the trauma. 

In summary, a patient with a 30-mo history of 
chronic headache owing to supraorbital neuralgia 
after excision of a scalp mass was successfully treated 
with two supraorbital nerve blocks that completely 
and permanently eliminated the pain. 
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hypotonia, subsequent obesity with hyperpha- 
gia, and small hands and feet. Hypogonadism, dia- 
betes mellitus, delayed psychomotor development, 
mental retardation, short stature, hypermobile joints, 
strabismus, myopia, scoliosis, kyphosis, blue al- 
mond-shaped eyes, and narrow bifrontal diameter 
are other features. Since its original description by 
Prader, Labhardt, and Willi (1), more than 200 cases 
have been reported. More than half of these cases 
have been associated with a deletion or rearrange- 
ment of chromosome 15. It has been hypothesized 
that lack of a critical region on chromosome 15 
contributed by the father leads to the Prader-Willi 
phenotype (2). 
During a recent anesthetic for dental rehabilitation 
ina child with PWS, gastric secretions were identified 
in the mouth during induction of anesthesia. A 


he Prader,\Willi syndrome (PWS) is a rare, usu- 
ally sporadic disorder characterized by infantile 


review of recent literature on PWS suggests that | 


rumination (regurgitation of gastric secretions) occurs 
frequently in these patients and may contribute to the 
development of dental caries (3). We review the 
anesthetic implications of PWS with special reference 
to the unique phenotype of these patients and their 
increased risk of aspiration of gastric contents. 


Case Report 


A 17-yr-old girl was admitted for dental rehabilitation 
under general anesthesia. A single seizure had her- 
alded the onset of diabetes mellitus at age 15 yr, 
which had been treated with diet, glyburide, and 
intermittent supplementation with insulin. She had 
typical findings of PWS with small hands with club- 
bing, small feet and face, and short stature (120 cm) 
(fifth percentile for age, average height for a 7-yr-old). 
She had a large protuberant abdomen and was 
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grossly obese (43 kg; more than 200% ideal weight 
for her height). She was retarded but was pleasant 
and cooperative despite the fact that intermittent 
temper tantrums, crying spells, and aggressive be- 
havior had been reported at home and school. Pre- 
operative screening of pulmonary functions revealed 
a restrictive lung defect without obstructive compo- 
nents and normal results from analysis of arterial 
blood gases [forced vital capacity (FVC), 52% pre- 
dicted; forced expiratory volume (FEV), 58% pre- 
dicted, FEV/FVC, 113% predicted]. Her mother stated 
she had been without food or water for 10 h and 
informed consent was obtained for general anesthe- 
sia. 

She was taken to the operating room where the 
usual monitors were placed. After administration of 
neosynephrine nasally by spray and breathing oxy- 
gen via a mask, induction of anesthesia was accom- 
plished by intravenous thiopental, 225 mg, and ven- 
tilation via mask was easily accomplished. Intubation 
of the trachea was accomplished after intravenous 
administration of 3 mg of vecuronium with a cuffed 
5.0-mm-inside diameter nasal right angle endotra- 
cheal tube. During anesthetic intubation, brownish 
gastric secretions were seen pooling in the posterior 
pharynx. Breath sounds were clear, and no secretions 
could be obtained by suctioning through the endo- 
tracheal tube. 

Anesthetic maintenance was accomplished using 
isoflurane (1%-1.5% inspired) in oxygen and nitrous 
oxide (30%-50% inspired) with small intravenous 
doses of fentanyl (225 mg), and mandibular blockade, 
with 0.5% bupivacaine performed by the surgeons. 
Emergence was uneventful, and the trachea was 
extubated after the patient could follow verbal com- 
mands and demonstrate a head lift exceeding 5 s. Her 
recovery room stay was uneventful without clinical 
evidence of aspiration pneumonitis. Oxygen satura- 
tion fluctuated between 88% and 96%. She had an 
otherwise uneventful postoperative course with se- 
rum glucose of 309 mg/dL and returned home with 
her mother the afternoon of surgery. 
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Discussion 


The clinical course of PWS is usually divided into two 
phases (4). The first phase, during the newborn and 
infancy period, is characterized by marked hypoto- 
nia, poor sucking, swallowing, coughing, crying, and 
episodes of asphyxia (5,6). This evolves into a second 
phase at age 2-5 yr, characterized by hypogonadism, 
mental retardation, and obesity from hyperphagia. 
These patients have a voracious appetite and can 
consume large quantities of food without satiety. The 
exact defect in these patients is not understood, but 
has been proposed to be hypothalamic dysfunction 
(7) or an inborn error of lipid or carbohydrate metab- 
olism (8). 

The Prader-Willi syndrome is usually sporadic, 
and for 20 yr after its description, the cause of the 
condition was unknown. In 1981 Ledbetter et al. (9) 
identified a deletion of the long arm of chromosome 
15 (15q11-13) in some patients with PWS. When 
parents of these children were studied using DNA 
markers, the deleted chromosome 15 was usually 
derived from the father (10,11). In patients without a 
chromosomal deletion, the two different chromo- 
somes 15 were both inherited from the mother (12). 
Based on these cases, the abnormalities in PWS 
probably result from the lack of a critical portion of 
chromosome 15 derived from the father. 

The mechanism by which two chromosomes of the 
same pair can be inherited from one parent, with 
neither chromosome of that pair being inherited 
from the other parent, is unclear. One possible 
mechanism would be nondysjunction (failure of 
division of paired chromosomes) during maternal 
meiosis, leading to both maternal chromosomes 15 
being present in the ovum. At or shortly after fertil- 
ization, loss of the paternally contributed chromo- 
some 15 would have to occur. Whatever the mecha- 
nism, the resulting uniparental disomy leads to 
absence of apparently critical, paternally derived ge- 
netic material. 

The concept that the parental origin of a gene 
influences its expression is termed genomic imprint- 
ing. This idea is contrary to the basic Mendelian 
principle that the parental source of genetic infor- 
mation does not influence the expression of the 
gene. The mechanism by which imprinting might 
occur is unclear. However, the stage at which germ- 
line cells are formed could represent one period 
during which genetic information is temporarily al- 
tered, changing it so as to permit expression in the 
next generation (13). Additional study of human 
examples of imprinting, such as PWS, will lead to a 
better understanding of this novel mechanism of 
inheritance. 

The anesthetic implications of PWS have been 
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reviewed by Palmer and Atlee (8) in 1976 and Yama- 
shita et al. (14) in 1983. Problems that have been 
identified in the perioperative period include distur- 
bances in body temperature (hyperthermia or hypo- 
thermia), intraoperative arrhythmias (notably prema- 
ture ventricular contractions), cor pulmonale, and the 
effects of obesity (such as reduced pulmonary re- 
serves) (8,14-18). In addition, patients who have 
undergone intestinal bypass procedures must be 
evaluated for disturbances in fluid and electrolyte 
status, hepatic function, and nutritional status. 

Many factors make patients with PWS prone to 
perioperative aspiration pneumonitis. As violent 
temper tantrums are associated with withholding 
food, and food seeking and stealing behavior are 
highly developed, only a well-supervised patient 
should be considered NPO. The physiologic set point 
of vomiting in PWS is abnormal, and these patients 
have a reduced tendency to vomit. Certainly the 
obese body habitus may be associated with a higher 
than normal incidence of hiatal hernia and in- 
creased abdominal pressure. Alexander et al. (3) 
surveyed the PWS Association and found that there 
was a 10%~-17% incidence of rumination in PWS 
patients. 

Previous reports on PWS have not discussed the 
potential risk of aspiration of gastric contents contrib- 
uted by rumination in these patients. In animals, 
rumination occurs when negative intrathoracic pres- 
sure is coupled with contraction of the rumen (stom- 
ach) and esophageal antiperistalsis. In humans, vol- 
untary contraction of the abdominal wall and/or 
diaphragm initiates reflux, which is allowed by spon- 
taneous or swallow-initiated relaxation of the lower 
esophageal sphincter (19). This occurs most fre- 
quently in children and persists into adulthood in 
mentally retarded people. It is characterized by the 
regurgitation of food followed by rechewing, spit- 
ting, or reswallowing; there is no sign of nausea, 
retching, or disgust. Observation of children rumi- 
nating gives the impression that the child gains 
considerable satisfaction (20). 

Rumination can occur in neurologically normal 
children (typically 3 wk to 12 mo of age); retarded 
individuals have an onset at an older age (21 yr). 
Three primary factors contribute to rumination be- 
havior. These include organic problems that physio- 
logically increase regurgitation (hiatal hernia, chala- 
sia, or incompetent lower esophageal sphincter), 
psychodynamic factors that increase the pleasure- 
seeking behavior of rumination (e.g., particularly a 
disordered mother-infant relationship), and the de- 
velopment of a behavioral pattern of rumination as a 
learned pleasurable experience (20,21). This latter 
contribution may be very important in the infant who 
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receives little gratification from his caretakers and 
environment; rumination becomes a way of self- 
gratification and a mechanism of relieving tension 
(21). 

A review of known cases of rumination suggests 
that two groups of ruminators exist (20). One group 
includes the psychogenic ruminators, in which rumi- 
nation begins in infancy (onset 0.7-17 mo, mean 
5 mo). Rumination in this first group is caused by 
psychodynamic factors associated with failure of 
maternal nurturing. A second type (labeled self- 
stimulating rumination) occurs almost exclusively 
in retarded individuals and can begin at any age 
from infancy through adulthood (onset 5 mo-21 yr, 
mean 6.8 yr) (20). Most of the latter group were 
males (five times the incidence in females) and func- 
tioning in the profoundly retarded category (20). It 
is speculated that cognitive impairment in these 
individuals interferes with the normal utilization of 
external sources of gratification: Hence, retarded in- 
dividuals often seek self-directed, atypical, volun- 
tary, pleasurable, and repetitive self-stimulating be- 
havior (20). 

In a behavioral study of a 12-yr-old institutional- 
ized retarded ruminator, the environmental factors 
contributing to rumination were identified (22). The 
greatest incidence of rumination was in the time 
period after eating (2.3 times the average frequency of 
rumination). However, psychodynamic factors were 
also very important. Hence, warm, nurturing atten- 
tion by a familiar caretaker reduced the incidence. 
Independent play and attention by individuals who 
did not like the child, or whom he disliked, increased 
the incidence. Of interest is that rumination occurred 
during all waking hours, including in the morning 
before breakfast, 14 h after dinner. 

As rumination can cause diffuse destruction of 
dental hard tissue secondary to demineralization (de- 
calcification) by the acidic gastric contents (23), re- 
tarded patients presenting for restoration of erosive 
damage may have rumination disorders. Other pos- 
sible indicators of rumination are foul-smelling breath 
and repeated spitting or vomiting, as well as ob- 
served rumination behavior. As above, the incidence 
may be increased in males. Based on the literature, 
one would predict that removal of a ruminating child 
from friendly, nurturing surroundings, followed by 
exposure to an unfamiliar and hostile preoperative 
environment, may increase the incidence of rumina- 
tion. Further, it appears that the customary NPO 
orders will not prevent this behavior. 

In PWS, the reduced tendency to vomit, coupled 
with rumination and reduced pulmonary reserves, 
leads to the possibility that aspiration of stomach 
contents may occur with a higher than normal fre- 
quency and severity during induction of anesthesia. 
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Our patient was reported to be NPO for 10 h before 
anesthetic induction; nevertheless, gastric secretions 
were present in the posterior pharynx. We therefore 
suggest that all patients with PWS be considered at 
high risk for aspiration of gastric contents during 
general anesthesia. Efforts should be made to reduce 
acid secretion, increase intestinal motility, neutralize 
stomach contents, use body position to utilize gravity 
to reduce the tendency for passive regurgitation, 
secure the airway rapidly, decompress the stomach, 
and extubate the trachea cautiously. By these 
means, surgical morbidity and mortality related to 
aspiration of gastric contents in these patients may be 
reduced. 
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Pheochromocytoma in a Patient With 


Eisenmenger’s Complex 
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tumor of chromaffin cells and is a rare (~0.1%) 

cause of hypertension. The tumor is found in 
the adrenal medulla in about 80% of cases and the 
treatment of choice is its surgical removal. This case is 
reported because of its being complicated by 
truncus arteriosus and Eisenmenger’s complex and 
because a review of the literature revealed an inter- 
esting possible association between these two condi- 
tions. | 


| heochromocytoma is a catecholamine-secreting 


Case Report 


The patient was a 34-yr-old, 58-kg woman with 
cyanotic congenital heart disease, specifically, a trun- 
cus arteriosus type 4, ventricular septal defect, and 
absent intrapericardial pulmonary arteries; the pul- 
monary artery supply was from a right-sided branch 
of the aorta. The cardiac status was further compli- 
cated by the development of Eisenmenger’s complex. 
At the age of 14 yr she underwent a right thoracot- 
omy for an attempted repair, but because of extensive 
collateralization, surgery could not be performed. In 
May 1988, she was evaluated at an outside clinic for 
consideration for heart and lung transplantation but 
was refused. Symptoms relating to her chronic car- 
diac condition were those of fatigue, dyspnea when 
walking 50 yards, orthopnea, nocturia, and periph- 
eral edema. The patient had a history of polycythe- 
mia and epistaxis, but no coagulation defect had been 
found. The patient had a hemangioma over the right 
mandible treated previously by radiation and was 
considered to have Von Hippell-Lindau’s disease. 
In the past year, she had experienced palpitations, 
flushing, diaphoresis, and central chest pain. Holter 
monitoring demonstrated frequent premature ven- 
tricular contractions and a 12-s run of ventricular 
tachycardia, as well as episodes of supraventricular 
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tachycardia. The patient was also noted to have poor 
dentition and a relative micrognathia, but evaluation 
in the Difficult Airway Clinic anticipated uneventful 
tracheal intubation. The patient was diagnosed as 
having a pheochromocytoma on the basis of urine 
analysis with elevated norepinephrine and meta- 
nephrine concentrations. Computed tomography 
scanning tests revealed bilateral adrenal masses. 
[*"T]Metaiodobenzylguanidine (MIBG) scanning in- 
dicated that only the right adrenal gland contained 
a catecholamine-secreting tumor. The patient’s 
laboratory workup demonstrated a hemoglobin of 
17.4 g/100 mL with a hematocrit of 55.4%. Blood 
chemistry and coagulation studies were normal. The 
patient was taking 0.125 mg of oral lanoxin, 40 mg of 
oral furosemide twice a day, 600 mg of oral micropo- 
tassium three times a day, and 12.5 mg of oral 
captopril twice a day. The cardiologist was concerned 
that a- and f-adrenergic blockade could aggravate 
the right-to-left shunt; but in view of the increasing 
arrhythmias and chest pain, 10 mg of oral phenoxy- 
benzamine and 10 mg of propranolol were added 
four times a day, with a marked improvement in her 
symptomatology and no deleterious effects on oxy- 
genation. 

On the morning of surgery, the patient was taken 
to the operating room where 5-lead electrocardio- 
gram, noninvasive blood pressure cuff, and pulse 
oximeter monitors were applied. Under sterile condi- 
tions and with antibiotic coverage (1 g of vancomycin, 
given slowly 1 h before the procedure), a central 
venous line and arterial line were placed. Meticulous 
attention was paid to the prevention of air entrain- 
ment because of the risk of paradoxical embolism. 
The electrocardiogram showed a normal sinus 
rhythm and a heart rate of 88 beats/min, the arterial 
blood pressure was 120/70 mm Hg, and the central 
venous pressure was 15 cm H,O. The pulse oximeter 
reading revealed a saturation of 80%, which in- 
creased to 84% when the patient was breathing 
oxygen. Premixed solutions of phenylephrine, nitro- 
prusside, and esmolol were available. The patient 
was given 1 mg of intravenous midazolam and an 
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infusion of fentanyl was started. The final induction 
dose was 25 yeg/kg of fentanyl. Paralysis was achieved 
using 8 mg of intravenous vecuronium and an intra- 
venous lidocaine bolus of 60 mg was given before 
tracheal intubation, which was completed without 
difficulty. Ventilation was controlled to sustain nor- 
mocapnia. A nasogastric tube and an esophageal 
stethoscope were inserted. There was no significant 
increase in heart rate or arterial blood pressure during 
induction of anesthesia. After a period of ventilation, 
analysis of arterial blood gases revealed a pHa of 7.4, 
Paco, of 37 mm Hg, and Pao, of 74 mm Hg with a 
saturation of 94.8%. 

A large tumor of the right adrenal gland was found 
at surgery. Palpation produced a transient increase in 
arterial systolic blood pressure to 190 mm Hg, which 
responded to cessation of the manipulation. Concur- 
rently, ventricular ectopic beats appeared which 
were treated with small doses of esmolol (0.25 ng/kg 
intravenously followed by an infusion of 50 ug'kg` 

min™~*) with rapid resolution of the arrhythmia. After 
the: removal of the tumor, the central venous pressure 
and blood pressure decreased over a period of some 
minutes, requiring an infusion of phenylephrine and 
fluids to maintain a satisfactory filling pressure and 
arterial blood pressure. 

In view of the presence of a tumor in the left 
adrenal gland, a biopsy specimen was taken and 
some bleeding was experienced around the left adre- 
nal bed, necessitating further dissection to achieve 
exposure and hemostasis. Three units of packed red 
blood cells were given. The patient had significant 
cholelithiasis, and the surgeon believed that a pro- 
phylactic cholecystectomy was warranted. Surgery 
was then completed after which the patient was 
taken to the intensive care unit for further postoper- 
ative monitoring. At the end of the case, the arterial 
blood pressure was 115/66 mm Hg, the heart rate was 
60 beats/min, the central venous pressure was 19 cm 
HLO, and the urine output was in excess of 50 mL/h. 
The patient continued to require intravenous phe- 
nylephrine and intravenous crystalloids. Two units of 
packed red blood cells were transfused during the 
first postoperative day. The trachea was extubated on 
the second postoperative day; however, the patient 
returned to the operating room for continued bleed- 
ing on the third postoperative day. Again anesthetic 
management was uncomplicated. Further hemor- 
rhage on the fourth and fifth subsequent days lead to 
the death of the patient. 


Discussion 


The purpose of this report is twofold. First, in review- 
ing the literature no similar case could be found, and 
the patient’s condition gave concern that there would 
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be significant difficulties in anesthetic management. 
Subsequent intraoperative anesthetic management 
proved to be surprisingly easy. The mixing of sys- 
temic and pulmonary blood flow in a single artery 
and subsequent hypoxemia were potentially com- 
pounded by further depression of a compromised 
heart and failure to control both preload and after- 
load. The value of continuous observation of oxygen- 
ation through pulse oximetry was very much in 
evidence and the avoidance of drugs with histamine- 
releasing activity and the use of a sedative/opioid 


technique apparently served the patient well. There 


was some discussion as to the appropriate vasopres- 
sor support. Our decision to use the direct a,-agonist 
phenylephrine in a patient with limited cardiac re- 
serve could be challenged. The use of norepinephrine 
with a@,-, ay, and some -adrenergic activity may 
have seemed more appropriate. Given the patient's 
history, however, and tolerance of the procedure to 
the point of the tumor removal, we believed that we 
could use phenylephrine and only use another drug 
if the need arose. The patient did well initially and 
was tracheally extubated on the first postoperative 
day. However, continued hemorrhage and coagulop- 
athy compromised the patient’s outcome, leading to 
her death on the fifth postoperative day. 

Our second reason for wanting to draw attention 
to this case stems from information obtained in the 
literature search. This indicates that there may be a 
causal relationship between cyanotic congenital heart 
disease and the development of neuroblastic tumors. 
Folger et al. in 1964 (1) and Reynolds and Gilchrist 
subsequently in 1966 (2) pointed out that there may 
be an increased incidence of pheochromocytoma in 
patients with congenital heart disease. In response to 
an article, Miller (3) suggested in a letter to the editor 
in 1968 that there may be a relationship between 
cyanotic congenital heart disease and the develop- 
ment of peripheral neuroblastic tumors. Delamonte 
et al. (4) reviewed the autopsy results at the Johns 
Hopkins Institute between the years 1889 and 1982. 
Of 43,267 cases on the files, there were 2096 cases of 
congenital heart disease of which 1240 had cyanotic 
heart disease. There were 118 cases of peripheral 
neuroblastic tumors of which 39 were pheochromo- 
cytoma. Among the 118 cases of peripheral neuro- 
blastic tumor there were 15 cases (12.7%) with 
congenital heart disease. Of the 39 cases of pheochro- 
mocytoma, six of the patients had cyanotic congenital 
heart disease. The frequency of congenital heart 
disease among patients with peripheral neuroblastic 
tumors was more than twice the frequency of con- 
genital heart disease in the remaining autopsy popu- 
lation (4.8%), which was highly significant. In addi- 
tion, 87% of cardiac malformations associated with 
peripheral neuroblastic tumors produced cyanosis 
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ethylmalonyl-coenzyme A (MM-CoA) mu- 
tase deficiency is one of four inborn errors in 

. branched-chain amino acid metabolism that 
may. result in the formation of methylmalonic aci- 
demia. This enzyme converts propionyl-CoA (formed 
by the degradation of valine, isoleucine, methionine, 
threonine, cholesterol, and some fatty acids) to suc- 
cinyl-CoA. When MM-CoA mutase is deficient, its 
substrate (MM-CoA) is converted to methylmalonic 
acid. At times of increased protein catabolism (e.g., 
sepsis, intestinal absorption of heme pigments, peri- 
operative starvation, or stress), patients with MM- 
CoA mutase deficiency can develop severe metabolic 
acidosis, ketosis, and hyperammonemia. 

We report the case of an 11-yr-old child with 
MM-CoA mutase deficiency who required general 
anesthesia for the resection of a large, benign maxil- 
lary tumor. We describe our anesthetic management 
of the patient, the results of serial analysis of arterial 
blood gases and chemistries, atid the general anes- 
thetic considerations for a patient with methyl- 
malonic acidemia. Our data indicate that despite 
normal valués of pHa, Paco, and anion gap, meth- 
ylmalonic acid levels increased during the course of 
the procedure. 


Case Report 


The patient was an active, 23-kg, 11-yr-old girl with 
previously diagnosed MM-CoA mutase deficiency, 
chronic renal insufficiency, secondary hyperparathy- 
roidism, and uremia-associated coagulopathy. She 
had a history of recurrent episodes of metabolic 
acidosis and seizures as an infant and toddler, but 
none in the preceding 2 yr. She was admitted for 
resection of a 4-cm-diameter, benign, giant cell bone 
granuloma of her left maxilla, a tumor that en- 
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croached on the oropharynx and the left naris to the 
midline septum, and that protruded anteriorly such 
that lip closure was not possible. Preoperatively, she 
received a low protein diet (1 g-kg~‘-day~*) and daily 
oral citrate therapy equivalent to 120 mEq of bicar- 
bonate iri four divided doses to counteract the effects 
of her usual methylmalonic acid generation and to 
maintain a normal pHa. Eight hours before surgery, 
oral intake was curtailed, and maintenance intrave- 
nous infusion of 5% dextrose and hypotonic saline 
containing sodium bicarbonate (50 mEq/L) was be- 
gun. On the morning of surgery, she received both 
cryoprecipitate and 7 wg desmopressin intravenously 
to reverse her coagulopathy. 

Anesthesia was induced intravenously with 100 pg 
of fentanyl, 200 mg of sodium thiamylal, and'10 mg of 
atracurium. An oral endotracheal tube was easily 
inserted, and both a urinary catheter and arterial 
catheter were placed. In.addition, an orogastric tube 
and a throat pack were placed to prevent the passage 
of blood into the gut and its attendant protein. absorp- 
tion. Anesthesia was maintained with 1% isoflurane 
in oxygen with incremental intravenous injections of 
fentanyl and atracurium. Ventilation was controlled 
with a tidal volume .of 15 mL/kg at a rate of 10 
breaths/min to achieve a stable end-tidal CO,’ of 
approximately 30 mm Hg. Arterial blood pressure, 
heart rate, and temperature did not vary more than 
15% at any time during the course of the anesthetic. 
The intravenous bicarbonate infusion used preoper- 
atively was continued throughout surgery until oral 
intake was begun on the third postoperative day. 

The procedure, including excision and curettage of 
the mass, maxillary reconstruction, and tooth extrac- 
tions, required 130 min of anesthesia time and was 
uneventful. Intravenous fluid therapy included 
850 mL of lactated Ringer's solution plus 100 mL of 
bicarbonated maintenance solution. Estimated blood 
loss was 350 mL and total urine output was 300 mL. 
After reversal of neuromuscular blockade with intra- 
venous administration of 25 mg of edrophonium and 
0.2 mg of atropine and following awake tracheal 
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Table 1. Analysis.of Arterial Blood Gases 
and Chemistries 


Test Preop Intraop PAR Postop 

Arterial pH 7.37 7.45 7.34 — 
(7.35-7.45) 

CO, (mmol/L) 30 26 25 35 
(22-30) 

AG (mEq/cL) 25.2 16.8 17.8 20.1 
(8-22) 

NH, (nmol/L) 50 29 34 37 
(8-54) : 

MMA (g/mL) 115 146 167 125 
{undetectable} . ' 


CO,, serum bicarbonate; AG, anion gap; NH3, serum ammonia; MMA, 
plasma methylmalonic¢ acid. 

Data are presented for the perioperdtive period, with the normal range 
for each test stated in parentheses. Data aré shown for the night before 
surgery (Préop); 60 min into the, procedure (Intraop); upon arrival in the 
postanesthezic recovery room, 130 min after induction (PAR); and the first 
peer perauve day, 24h after Í induction (Postop). 


extubation, the patient recovered without incident 
and returned to the ward where she received patient- 
controlled morphine analgesia. 

Serial blood measurements were made of arterial 
pH, CO, content, anion gap, and ammonia, as well 
as plasma methylmalonic acid’ levels (Table 1). In 
addition, levels of serum electrolytes and glucose 
were measured, and they remained within the nor- 
mal range. Blood samples for measurements of meth- 
ylmalonic acid were analyzed by gas chromatogra- 
phy/mass spectrometry. The procedure is routinely 
used in organic acid A (1). One milliliter of 
plasma was alkalinized and a primary derivative was 
made with hydroxylamine. The sample was subse- 
quently acidified and organic acids were extracted 
with ethylacetate and ether. The organic phase was 
dried under nitrogen and derivatized with BSTFA 
(Pierce Chemical, Rockford, Il.) to form a trimethyl- 
silyl derivative. The derivatized compounds were 
injected into a Hewlett Packard gas chromotogra- 
pher/mass spectrometer. Methylmalonic acid was 
identified in patient samples on the basis of retention 
time and computer match with a library mass spec- 
trum for methylmalonic acid. Peak areas were com- 
pared between patient samples and a 250-yg/mL 
standard for quantitation. 


Discussion 


Methylmalonyl-CoA mutase deficiency is a rare but 
well-described (2,3) defect in protein metabolism that 
is inherited as an autosomal recessive trait. Methyl- 
malonyl-CoA mutase requires a vitamin By, coen- 
zyme (adenosylcobalamin) as a cofactor for normal 
activity. The clinical syndrome of methylmalonic ac- 
idemia results from abnormalities of either the mu- 
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tase protein or the synthesis of the B,. cofactor and 
occurs in approximately 1:48,000 infants (4). At times 
of increased protein metabolism, plasma methyl- 
malonic acid levels, undetectable in normal subjects, 
may reach levels of 26-340 ug/mL (5). Patients may 
present with lethargy, recurrent vomiting, dehydra- 
tion, respiratory distress, metabolic acidosis, ketone- 
mia, and hyperammonemia. Acute treatment for the 
syndrome consists of improving intravascular vol- 
ume with intravenous crystalloid administration, 
coupled with treatment of the acidosis with intrave- 
nous sodium bicarbonate. Long-term therapy in- 
cludes a reduction in dietary protein intake, supple- 
mental bicarbonate or citrate, and supplemental 
cobalamin. 

Surgery presents several’ problems. for patients 
with methylmalonic acidemia. First, a period of star- 
vation and protein catabolism is imposed beginning 
the night before surgery and extendirig for a variable 
period postoperatively. Second, procedures associ- 
ated with bleeding and involving the dropharynx, 
nasopharynx, or upper gastrointestinal tract, espe- 
cially i in patients with coagulopathy, may increase the 
incidence of heme pigment absorption across intesti- 
nal epithelium and impose an additional protein load 
for catabolism. Third, tissue breakdown associated 
with both the surgical procedure and the stress 
response may exacefbate protein catabolism. Fourth, 
anesthetics may influence amino acid metabolism 
resulting in incréased methylmalonic acid levels. A 
known example is nitrous oxide, which reduces the 
activity of methionine synthetase, a methyl-B,,- 
dependent enzyme. Rask et al. (6) have shown. that 
24 h of nitrous oxide exposure increased the levels of 
urinary methylmalonic acid threefold in patients with 
normal protein metabolism. This increase is most 
likely a consequence of nitrous oxide inhibition of the 
cobalamin coenzyme similar to its inhibition of me- 
thionine synthetase (7) and may have consequences 
in a patient susceptible to methylmalonic acidemia. 

Using our patient as a case study, the anesthetic 
management of a patient at risk for methylmalonic 
acidemia should address each of these points. The 
impact of the preoperative starvation period may be 
lessened by decreasing its duration to 3 h, a practice 
that has been shown not to increase the risk for 
perioperative aspiration of gastric contents (8,9), and 
by the generous use of intravenous fluids and dex- 
trose to minimize both hypovolemia and protein 
catabolism. All preoperative medications relating to 
the abnormal MM-CoA mutase/coenzyme complex 
(e.g., bicarbonate or cobalamin supplementation) 
should be continued perioperatively. In the operating 
room, monitors to evaluate intravascular volume sta- 
tus and tissue perfusion (e.g., urinary catheter, cen- 
tral venous catheter, and/or arterial catheter) should 
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be placed. If the procedure potentially involves intes- 
tinal exposure to blood, both an orogastric tube and 
throat pack should be placed to reduce absorption of 
heme proteins, and known coagulopathies should be 
corrected. Serial analysis of arterial blood gases and 
plasma levels of electrolytes, glucose, and ammonia 
should be conducted to help detect the onset of 
acidosis or hyperammonemia so that abnormal 
changes may be treated. Finally, although the ad- 
verse effects of nitrous oxide on patients with abnor- 
mal MM-CoA mutase activity are theoretical and 
have not been studied, it seems prudent to avoid this 
anesthetic in patients at risk for methylmalonic aci- 
demia. 

Our patient had a clinically uneventful anesthetic 
and operative procedure, and all of her blood chem- 
istries except for the organic acid assays remained 
normal throughout the perioperative period. Values 
of methylmalonate in the 30-50 ug/mL range will 
influence electrolyte balance and require bicarbonate 
therapy to maintain a normal pHa. Although this 
patient’s methylmalonic acid levels before hospital- 
ization were not known, her high preoperative 
methylmalonic acid level (115 g/mL) continued to 
increase during surgery and reached a peak 
(167 g/mL) at the time of her arrival in the recovery 
room. Within 18 h, however, the level returned to its 
preoperative value without intervention, despite the 
presence of continued fasting postoperatively. 

These observations have several implications. 
First, some undefined factors relating to our anes- 
thetic, the conduct of the operative procedure, and/or 
changes in the patient’s intraoperative metabolism 
resulted in an increase in methylmalonic acid concen- 
tration. It appears that starvation alone is not respon- 
sible, as fasting continued for 2 days postoperatively 
during which time the methylmalonate level returned 
to its preoperative value. The cause of this fluctuation 
is unclear, but probably it is related to modified 
intraoperative protein catabolism that is modulated 
by stress hormones (e.g., insulin, cortisol, or cate- 
cholamines). Both isoflurane (by increasing insulin 
secretion [10]) and clonidine (by reducing the cate- 
cholamine response to anesthesia and surgery [11]) 
may have potential beneticial effects in these patients. 
second, analysis of arterial blood gases and pHa are 
not sensitive enough to detect an increase in this 
specific organic acid. Had this operative procedure 
been more lengthy or resulted in further elevations of 
methylmalonic acid, abnormalities in ammonia or 
other blood chemistries and progressive acidosis may 
have been detected. Finally, although this patient 
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was Clinically stable at the same time that the organic 
acid level was rising, one cannot assume that a stable 
clinical picture precludes potentially problematic 
chemical changes. 

In conclusion, we have presented a case of general 
anesthesia for an elective surgical procedure in a child 
with known MM-CoA mutase deficiency and a his- 
tory of methylmalonic acidemia. Guidelines are sug- 
gested to address pertinent anesthetic consider- 
ations, including perioperative fasting, intravascular 
fluid management, intraoperative monitoring, and 
anesthetic agents. Serial methylmalonic acid levels 
measured in this case suggest that a surgical proce- 
dure or general anesthetic may increase the rate of 
methylmalonate formation in a patient who is meta- 
bolically and clinically well controlled. The anesthe- 
siologist needs to be aware of the danger of organic 
acidemia developing in patients with this congenital 
defect even though this did not occur in the present 
case. 
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Letters to the Editor 


Prevention of Tachycardia and 
Hypertension Associated With 
Tracheal Intubation 


To the Editor: 


In their study comparing esmolol, lidocaine, and fentanyl, 
Helfman et al. (1) conclude that only esmolol reliably 
attenuates the hypertension and tachycardia associated 
with tracheal intubation. The manner in which esmolol was 
compared with lidocaine and fentanyl merits further com- 
ment. 

When claiming that lidocaine “has been found to be only 
inconsistently effective in preventing cardiovascular 
changes associated with tracheal intubation,” the authors 
are being generous. In fact, there is an abundance of 
evidence testifying to its lack of effect (2-7). Laurito et al. (5) 
have already suggested that the use of lidocaine for this 
purpose should be abandoned. 

Helfman et al. used 200 ug of fentanyl in their study, 
quoting two studies in which fentanyl was used at doses of 
1.5 and 3 ug/kg to attenuate the cardiovascular responses to 
intubation (8,9). However, both these studies were per- 
formed on geriatric patients, known to be more sensitive to 
this (and other) anesthetic agents. Other studies have 
indicated that at least 5 ug/kg of fentanyl is required to 
attenuate successfully these reflexes in the young or middle 
aged (10-14). 

Clearly fentanyl used at this dosage may result in an 
unacceptably high incidence of complications—notably hy- 
potension and respiratory depression. In this respect, al- 
fentanil may offer distinct advantages over fentanyl and has 
already been demonstrated to successfully attenuate hyper- 
tension and tachycardia on intubation (13,15). Although 
Black et al. (13) concluded that a dose of 30 ug/kg was 
required to achieve this aim, Crawford et al. (15) have since 
demonstrated that 10 ug/kg may be sufficient if non- 
vagolytic neuromuscular blocking agents are used. 


Peter C. Stride, FFARCS 
Departmen: of Anesthesiolo 
University of Texas Medical Branch 
Galveston, TX 77550-2778 
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To the Editor: 


The study by Dr. Helfman and associates (1) offers evidence 
to aid in resolving a long-standing clinical controversy. For 
years, debate concerning the most useful technique for 
minimizing the hyperdynamic circulatory responses to 
laryngoscopy and intubation has focused on the use of 
various pharmacologic agents as adjuncts to general anes- 
thetic drugs. These include opioids, local anesthetics, and 
adrenergic receptor blocking agents. Of the latter group, 
one might expect that the unique pharmacologic properties 
of esmolol would render it ideally suited to the task. 

The data of Helfman et al. (1) purport to confirm this 
hypothesis. Comparing the use of esmolol with fentanyl, 
lidocaine, or placebo given during a general anesthesia 
induction sequence, the authors found that only esmolol 
“provided consistent and reliable protection against in- 
creases in both heart rate and . . . blood pressure ” after 
laryngoscopy and intubation. However, the methodology 
chosen by the authors may have resulted in an unfair 
comparison. 

Their protocol utilized the following sequence: induction 
with thiopental, injection of study drug, injection of succi- 
nylcholine, followed by laryngoscopy and intubation per- 
formed 2 min after induction. This sequence might be 
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expected to favor the effectiveness of esmolol which has an 
onset of action known to be very rapid (2,3). 

In contrast, lidocaine has been shown in a prospective, 
randomized study to blunt hemodynamic reflexes when 
given 3 min before laryngoscopy, but not 1, 2, or 5 min 
before (4). No similar investigation has been performed to 
determine the optimal timing of fentanyl administration 
with respect to laryngoscopy. However, a series of elegant 
studies have been conducted by investigators at Stanford 
(5-7) using sophisticated pharmacokinetic-pharmacody- 
namic modeling techniques designed to predict changes in 
brain concentration of narcotics over time after intravenous 
injection. Their model predicts a peak brain concentration 
of fentanyl at 3.6 min after intravenous bolus (7). Thus, as 
with lidocaine, one must conclude that the principal benefit 
of fentanyl was not realized in the time frame used by 
Helfman et al. in their protocol. 

The study design used by these authors resembles that 
used in a recent study by a different group of investigators 
(8), which compared the use of alfentanil, lidocaine, and 
placebo in attenuating laryngoscopy-associated cardiovas- 
cular reflexes. Those authors also administered their study 
drugs between induction and laryngoscopy and concluded 
that alfentanil is effective but lidocaine is not. A subsequent 
letter to the editor (9) criticized these authors’ findings by 
questioning whether their methodology may have intro- 
duced a bias in favor of alfentanil. 

At length, further reflection appears merited. To be 
sure, a similar criticism could be made concerning the 
protocol chosen by Helfman et al. (1). Given what is known 
about the differential pharmacokinetics and dynamics of 
the drugs they chose to compare—fentany]l, lidocaine, and 
esmolo|—their administration after intravenous induction 
biases the results in favor of esmolol. Nonetheless, perhaps 
our practice is now sufficiently advanced that, with the vast 
array of modern pharmaceuticals available for clinical use, 
the question regarding the comparative utility of adjunctive 
drugs in helping to control hemodynamic responses to 
noxious stimuli needs to be rephrased. Rather than “Which 
drug [best] prevents tachycardia and hypertension associ- 
ated with tracheal intubation” as posed by Helfman et al. in 
the title of their report, the better question might be “Which 
drug offers its benefit most rapidly and for the shortest 
duration?” 

The ultimate effectiveness of one or another agent—the 
issue on which previous studies have focused—is difficult 
to assess in an unbiased fashion because of the varying 
time-courses of action that different classes of drugs fea- 
ture. At present, however, this appears to be a moot point; 
why rely on agents that require a time delay to yield a result 
when newer ones are available whose effects are more 
immediate? The data offered by Helfman et al. (1) have not 
necessarily demonstrated that esmolol is “better” but 
rather that it is faster, which, in itself, is a potent advantage. 


Robert F. Atkins, MD 

Temple University School of Medicine 
Philadelphia, PA 19140 

and 


Department of Anesthesiology 
Abington Memorial Hospital 
Abington, PA 19001 
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In Response: 


We thank Cr. Stride for constructive comments and agree 
that lidocaine is virtually ineffective in preventing cardio- 
vascular chenges after endotracheal intubation. This does 
depend on dose and timing. It is precisely for this reason 
that we studied lidocaine, fentanyl, esmolol, and placebo in 
a double-blind protocol. We arbitrarily used a single dose of 
each drug at a specific time before intubation. Both dose 
and time foreach drug corresponded to clinical practice and 
to what was in the recent literature (1,2). 

Fentanyl was used at a 2.5-ug/kg dose—and this is a 
compromise but one that is clinically appropriate. We 
consider ou- study population, although not geriatric (av- 
erage age 5C yr) to be close to it, and we did wish to avoid 
respiratory depression and hypotension. We did not study 
alfentanil, bat we do invite Dr. Stride to do this. - 

Most important, we caution Dr. Stride, who quotes 
many investigations alluding to how our results could have 
been improved, not to draw conclusions. Different doses of 
drugs in diferent patients, studied according to different 
protocols, lead to incomparable results. As lidocaine in any 
dose is inconsistent and higher doses of fentanyl (3) create 
unacceptable side effects, we maintain as a result of our 
study, that 150 mg of esmolol is the safest, most efficacious 
attenuator cf the hemodynamic consequences of intuba- 
tion. 

We thank Dr. Atkins for his astute and scholarly com- 
ments, with which we generally agree. Dr. Atkins, how- 
ever, states that we have chosen an unfair methodology 
resulting in an unfair comparison, biasing the data in favor 
of esmolol. We could not disagree more. 

We know that esmolol must be given after (not before) 
induction approximately 2 min before intubation (1,2). 
Lidocaine inany time frame is inconsistently effective (4,5). 
We did us2 a higher dose of lidocaine than usual 
(2.5 mg/kg) end we did encounter significant attenuation of 
systolic bload pressure. The Stanford data are of course 
fundamental, but we caution Dr. Atkins that this informa- 
tion came from models, not humans, and that brain con- 
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centration is not heart or effector-site concentration. Most 
important, Tables 1 and 2 of our paper yield data out to 10 
min after intubation—not 2 min. The same conclusions 
stand in favor of esmolol, without a time bias! Yes, esmolol 
does work faster, it lasts almost as long, and as it attenuates 
both heart rate and systolic blood pressure, it is better. 
Finally, the Pathak-Alfentanil study is inconsequential 
to Dr. Atkins’ argument. Different drugs (no esmolol), 
different doses, different patients, and different protocols 
were used, and the study design was not similar; their 
conclusions neither support nor debunk our data. Dr. 
Atkins wrote a letter to the editor in response to Dr. 
Pathak’s investigation and he suggests that a bias exists in 
favor of alfentanil, just as he does above with our study 


biasing esmolol. Perhaps something seems to pique his. 


interest on this subject, inviting him to write bias letters? 
And finally, we disagree that esmolol “offers the benefit 
most rapidly and for the shortest duration.” Again, Tables 


1 and 2 record the data to 12 min and not 2 min. Only’ 


esmolol and not placebo or lidocaine or fentanyl provided 
consistent and reliable protection against increases in both 
heart rate and systolic blood pressure accompanying laryn- 
goscopy and tracheal intubation. 


Steven M. Helfman, MD 
Martin I. Gold, MD 
Everard A. deLisser, MD 
Claire A. Herrington, RN 
ent of Anesthesiology (R-370) 
University of Miami School of Medicine 
P.O. Box 016370 
Miami, FL 33101 
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Cerebral Circulation and Oxygen 
Uptake Parallels 


To the Editor: 


I read with interest the well-constructed study by Prough 
and coworkers (1). Their findings regarding the cerebral 
circulation and oxygen uptake parallels, for the most part, 
that which occurs on a global scale with the systemic 
circulation and oxygen uptake (2,3). There is a progressive 
vasoconstriction during hypothermic cardiopulmonary by- 
pass, yet systemic oxygen uptake remains unchanged. 
From the study of Prough and colleagues (1), it is reason- 
able to assume that the cerebral circulation is not immune 
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from the pathophysiological process that affects the circu- 
lation as a whole. 

Also worthy of comparison is the interaction that 
Prough and colleagues found between arterial carbon diox- 
ide tension and temporal stage during cardiopulmonary 
bypass on cerebral hemodynamics, which also occurs in the 
systemic circulation (2). However, it is here that the find- 
ings diverge as the systemic circulation becomes progres- 
sively more responsive to carbon dioxide .tension (2), 
whereas Prough and coworkers found a decrease in re- 
sponsiveness in the cerebral circulation (1). I wonder 
whether this discrepancy in findings may be due to Prough 
and colleagues not mathematically correcting their data for 
the progressive cerebral vasoconstriction that they have 
documented? 


R. Peter Alston, MD, FCAnaes 
Department of Anesthesiology 
University of Washington 

Seattle, WA 98195 
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In Response: 


We appreciate the thoughtful comments on our study by 
Dr. Alston (1). In fact, our data do suggest that the cerebral 
circulation undergoes progressive vasoconstriction while 
cerebral oxygen consumption remains unchanged. The 
similarity between those observations and the observations 
reported from their laboratory is striking (2,3). We can only 
speculate on the pathophysiologic mechanism of the in- 
crease in cerebrovascular resistance. However, we suspect 
that it may be related either to primary microembolic 
obstruction of the cerebral microvasculature (4) or to active 
vasoconstriction resulting from that obstruction. Because of 
the large number of patients who undergo cardiac surgery 
and the high incidence of neuropsychologic sequelae of 
cardiac surgery, further clarification of the mechanisms and 
prevention of progressive cerebral vasoconstriction are im- 
perative. 

However, we would like to clarify one aspect of our data 
that apparently has been confusing. We have no informa- 
tion regarding changes in the responsiveness of the cere- 
bral circulation to carbon dioxide as a function of the 
duration of cardiopulmonary bypass. Our data demon- 
strate only that the time-dependent decrease in cerebral 
blood flow tends to accentuate the cerebral vasoconstriction 
resulting from a decrease in carbon dioxide tension while 
minimizing the increase in cerebral blood flow that accom- 
panies an increase in carbon dioxide tension. Because each 
measurement of cerebral blood flow using xenon clearance 
requires approximately 15 min, we are unable to evaluate 
cerebrovascular responsivity to carbon dioxide tension as a 
function of time during stable cardiopulmonary bypass. 
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Therefore, we believe there is no discrepancy between our 
cerebral circulatory data and the systemic circulatory data 
from Dr. Alston’s laboratory. 


Donald S. Prough, MD 

rtment of Anesthesia 
Section on Critical Care 
The Bowman Gray School of Medicine 
Medical Center Boulevard 
Winston-Salem, NC 27157-1009 
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Bupivacaine Toxicity After Stellate 
Ganglion Block 


To the Editor: 


Wulf et al. (1) reported that approximately 30% of their 
patients exhibited toxic plasma levels of bupivacaine (0.5% 
bupivacaine, 10 mL) after stellate ganglion block (SGB). A 
100% incidence of sympathectomy was also observed. They 
make recommendations that are timely and appropriate 
concerning monitoring, intravenous access, and resuscita- 
tion issues. In a survey we performed, 44% of pain clinics 
placed an intravenous line before SGB and only 37% 
required NPO status (2). However, the question their 
report raises is whether 50 mg of bupivacaine is necessary 
for a successful SGB. 

Hardy (3) has shown that 20 mL of 0.0125% bupivacaine 
(2.5 mg total dose) produced an effective SGB in all three 
patients tested. Increasing the concentration 10-fold 
(0.125%) would present a total dose of 25 mg and should 
not result in toxic levels according to Wulf et al. (1). In 
another study, 10 mL of bupivacaine was adequate for 
cranial and high cervical sympathectomy, but 20 mL was 
required for consistent sympathectomy of the upper ex- 
tremity (4). It appears that decreasing the concentration of 
bupivacaine and perhaps increasing the volume of drug 
delivered will ensure an adequate block and prevent toxic 
levels. 

Although a higher. concentration of bupivacaine (0.5%) 
may increase the duration of the block, an unacceptable 
rate of systemic toxicity results. Other techniques to pro- 
vide for long-term blockade, such as the use of indwelling 
catheters, should be considered instead. In our clinic, we 
have used 10 mL of 0.25% bupivacaine with excellent 
results and without obvious signs of toxicity. 

We would add to Wulf’s recommendations: 


6. Patients should be NPO before stellate ganglion block. 
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7. The appropriate concentration and volume of bupiv- 
acaine should'be used. A cranial sympathectomy can be 
performed with 10 mL of 0.125%-0.25% bupivacaine. 
Upper extremity sympathectomy can be performed with 
up to 20 mL of 0.0625%—-0.125% bupivacaine. 


Mark E. Romanoff, MD 

Jay S. Ellis, Jr., MD 

Pain Management Clinic 

Department of Anesthesiology/SGHSA 
Wilford Hall USAF Medical Center 
Lackland AFB. TX 78236 
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In Response: 


We would like to thank Drs. Romanoff and Ellis for their 
additional recommendations. We agree that 10-20 mL of 
0.125%-0.25% bupivacaine will usually result in sufficient 
sympathetic blockade, but the recommendations in the 
current literature are somewhat diverse: “weak local anes- 
thetic” concentration (1), 0.5% bupivacaine (2,3), 0.75% 
bupivacaine (4). Nevertheless, even with a reduced concen- 
tration and. dose of a local anesthetic, an inadvertent 
subarachnoid or intraarterial injection will lead ‘to signifi- 
cant complications. 

In a survey we performed in western Germany last year, 
more than 44,000 stellate ganglion blockades from 38 de- 
partments were reviewed. The incidence of severe compli- 
cations (requiring treatment) was as follows: 


Convulsions 34. (0.76 in 1000 blocks) 
Other central nervous 

system symptoms 16 (0.36 in 1000 blocks) 
Subarachnoidal anesthesia 6 (0.13 in 1000 blocks) 
Epidural anesthesia 3 (0.07 in 1000 blocks) 
Pneumothorax 9 (0.20 in 1000 blocks) 
Allergic reactions 2 (0.05 in 1000 blocks) 
Other 5 (0.11 in 1000 blocks) 

Total 75 (1.7 in 1000 blocks) 


Drs. Romanoff and Ellis state that, in 1988, 44% of U.S. pain 
clinics placed an intravenous line for stellate ganglion 
blockade. Ir. 1990, the following measures of precaution 
were standard in Germany (percentage of departments): 


Intravenous access 72% 
Test dose 53% 
Aspiration tests 100% 
Assistant person 73% 
Anticonvulsive drugs at hand 73% 
Equipment for intubation 94% 
Electrocardiographic monitoring l 28% 


The majority of dangerous complications of stellate 
ganglion blozkade are not caused by the needle, but by the 
local anesthetic injected. Therefore, the risk could be re- 
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duced by a change to the application of very low doses of 
opioids (e.g., 0.03 mg of buprenorphine). The most severe 
side effect with this technique has been one case of tempo- 
rary itching in almost 1000 injections performed in our pain 
clinic. Even in the case of inadvertent intravascular or 
subarachnoid injection, no life-threatening complications 
have to be expected (5,6). According to preliminary results, 
the analgetic effect seems to be at least as good as with local 
anesthetic blocks (7). We, therefore, have changed our 
practice oi stellate ganglion blockade to low-dose opioid 
injections, except for patients in whom a distinct vasodila- 
tory effect is wanted. 


Hinnerk Wulf, MD 

Christoph Maier, MD 

Hans Albrecht Schele, MD 

Department of Anesthesiology 

Klinikum der Christian-Albrechts-Universitdt zu Kiel 
Arnold-Heller Strasse 7 

2300 Kiel, Germany 
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Hyperacusis After Spinal Anesthesia 


To the Editor: 


Fog et al. (1) found hearing changes after spinal anesthesia, 
possibly mediated by the transmission of decreased cere- 
brospinal fluid pressure to the cochlea and subsequent 
endolymphatic hydrops; however, they did not describe 
the mechanism. Lee (2) suggests that decreased labyrin- 
thine pressure per se rather than hydrops was responsible. 
Hardy (3) was initially quite dismissive of the low pressure/ 
hydrops theory but later (4) described two patients after 
spinal puncture with auditory symptoms from low and not 
high intracranial pressure. 

Fog et al. saw improved hearing in some patients. 
Although hard to explain, this has often been reported in 
various disorders and strongly backs the hydrops theory: 
indeed, I predicted in advance (5) that such hyperacusis 
would occur. Manipulation of respiratory gases can also 
lead to hyperacusis (6). Careful studies on experienced 
subjects showed that hyperventilation first depressed the 
hearing but then restored it beyond normal limits. These 
aftereffects coincide with reduced cerebrospinal fluid pres- 
sures. 

Overrecruitment (where at high-intensity levels tones of 
equal intensity evoke a louder sensation in the impaired ear 
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than the normal one) is the first manifestation of Meniere’s 
disease, preceding hearing loss (7). I prefer to call this 
sensation audiosensitivity (8) or aversion to a television, 
radio, or record player such that the person needs to turn 
down the volume. It is presumably the same as “post- 
puncture cerebral phenomena (hyperacusis, irritability, 
etc)” briefly noted by Masserman (9). Although I had 
predicted it (5), this is the first time I have seen audiosen- 
sitivity mentioned after lumbar puncture. No doubt it is 
commonly ignored by both patients and doctors. 

Fog et al. were quite rightly concerned at the lack of 
explanation for unilateral changes in their studies and in 
Meniere’s disease. However, I have found that bilateral 
signs of early hydrops are the rule in clinically unilateral 
cases. I have retrieved at random from my files routine 
impedance test results on nine ENT outpatients with symp- 
toms of hydrops or Meniere’s disease confined to one ear, 
with normal middle ear pressures and compliances and 
with no pure-tone hearing loss in the good ear. Seven 
patients had bilateral middle-ear reflex abnormalities of the 
types found in patients with audiosensitivity (8). One had 
bilaterally normal stapedial reflexes. Only one had a uni- 
lateral reflex abnormality (lowered reflex thresholds with 
sound into bad ear only). Incidentally, in two patients, 
hearing in the bad ear fluctuated to excellent levels of 
—10 dB hearing level (International Standards Organiza- 
tion), indicating hyperacusis. 

I hope that anesthesiologists continue researching this 
area. Not only could otovestibular symptoms be used for 
spinal fluid pressure monitoring, but the long-standing 
controversy and confusion over intracranial hydrodynam- 
ics (9) could be resolved, shedding new light on hydrops 
and the initiation of Meniere’s disease (10). 


A. G. Gordon 
32 Love Walk 
London SE5 8AD, England 


References 


1. Fog J, Wang LP, Sundberg A, Mucchiano C. Hearing loss after spinal 
anesthesia is related to needle size. Anesth Analg 1990;70:517-22. 

2. Lee CM. Hearing loss after spinal anesthesia. Anesth Analg 1990;71:561. 

3. Hardy PAJ. Blocked ear after extradural injection. Br J Anaesth 1987;59: 
667. 

4. Hardy PAJ. Influence of spinal puncture and injection on VIIth nerve 
function. J Laryngol Otol 1988;102:452. 

5. Gordon AG. Blocked ear after extradural injection. Br J Anaesth 1987; 
59:666-7. 

6. Gellhorn E, Spiesman IG. The influence of hyperpnea and of variations 
of Oy and CO,-tension in the inspired air upon hearing. Am J Physiol 
1935;112:519--28. 

7. Hood JD. Audiology. In: Oosterveld Wj, ed. Meniere's disease: a 
comprehensive appraisal. New York: Wiley, 1983:35-53. 

8. Gordon AG. Abnormal middle ear muscle reflexes and audiosensitivity. 
Br ] Audiol 1986;20:95-9. 

9. Masserman JH. Intracranial hydrodynamics. J Nerv Ment Dis 1934;80: 
138-58. 

10. Walsted A, Salomon G, Thomsen J, Tos M. Hearing decrease after loss 
of cerebrospinal fuid—a new hydrops model. Acta Otolaryngol 1991; 
111:468-76. 


In Response: 


We are thankful to Dr. Gordon for his kind interest. We 
agree that spinal fluid pressure changes could cause audio- 
vestibular symptoms and that this is of interest for further 
research. We think that there is a relationship between 
hearing changes and lumbar puncture and that hearing 
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losses are a more sensitive instrument to monitor spinal 
fluid pressure changes than headache is. 

However, there is evidence that if the hearing loss is 
large enough it is also accompanied by headache. In one 
patient, we have seen a bilateral hearing loss most pro- 
nounced on the right side. This was accompanied by a 
typical spinal headache. After blood patch, the headache 
disappeared and the hearing returned to normal. 


Albert Sundberg, MD, PhD 
Department of Anesthesia 
Eksjö-Nässjö Hospital 

S-575 28 Eksjö, Sweden 


A Method to Assess Correct 
Endotracheal Tube Placement 


To the Editor: 


The method for confirmation of tracheal intubation must be 
simple, rapid, and effective as reported by Ian Smith (1). 

The esophageal detector device described by Wee (2), 
consisting of a 60-mL syringe that is fitted by way of an 
adaptor over the end of an endotracheal tube, is a simple, 
rapid, and effective method. This was confirmed in a blind, 
randomized study in which 40 patients had both their 
trachea and esophagus intubated (3). 

An even simpler method is auscultation over the epigas- 
trium, then in the right and the left axilla. This method is 
reliable, easily applied, and inexpensive (3). 


Knud H. Andersen, MD 
Department of Anaesthetics 
Bispebjerg Hospital 
Bispebjerg Bakke 23 

2400 Copenhagen, Denmark 
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Causalgia Induced by Telephone- 
Mediated Lightning Electrical Injury 
and Treated by Interpleural Block 


To the Editor: 


About 1000 people in the United States, 50 people in 
Sweden, and 7 per million in Canada die as a result of 
household and commercial electrical injury each year (1,2). 
An additional 300 people die and more than 1000 are 
injured by lightning in the United States. The lightning ina 
thunderstorm can cause electrical shock through telephone 
wires. Each year two telephone users die in the United 
States because of electrical shock during a thunderstorm 


T. R. Shantha has published previously under the name T. R. 
Shanthaveerappa. 
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and hundreds are injured all over the world (2). We report 
two telephone operators in whom severe causalgia devel- 
oped after being struck by lightning through their head- 
phones and who were successfully treated with interpleu- 
ral block. Two young women, 30- and 32-yr-old Southern 
Bell operators who worked next to each other, were struck 
by lightning through their headphones on July 26, 1989 at 
the time of a severe thunderstorm. They felt the sudden 
electric shock passing through their bodies. Most of it 
passed from their heads to their right arms. They felt as if 
“someone had hit them with a baseball bat.” Their right 
arms turned purple, became painful, and developed a 
burning sensation immediately after the electrical shock. 

They were treated by emergency room and other phy- 
sicians with pain medications, antidepressants, physical 
therapy, and transcutaneous electrical nerve stimulation. 
Six months later, their arms were still swollen, had a 
burning sensation, and ached and their ring and little 
fingers were numb. Exposure to cold and heat increased 
the pain. The entire right arm felt as if it was being twisted, 
tight, and throbbing. They exhibited symptoms indicative 
of psychological problems and experienced occasional diz- 
ziness and headaches. On examination, the arms and the 
forearms were swollen, cold, and tender to touch. Both of 
them had allodynia, hyperpathia, dysesthesia, and hyper- 
algesia with some vasomotor and pseudomotor changes. 
Right shoulder muscles were taut and tender and their 
heads were slightly tilted to the right side. 

Interpleural blocks were done at the right fourth intercostal 
space about 6 cm from the spinous process (3). The patients 
were placed on their backs in the 30° Trendelenburg position. 
Thirty milliliters of 0.25% bupivacaine with 1 in 5 g/mL of 
epinephrine was injected through the interpleural catheter. 
The patients were left in that position for 45 min. Both of them 
developed Horner’s syndrome within 15 min after the injec- 
tion, indicating the ocular sympathetic palsy (T1). The burn- 
ing sensation and the pain in the hand were considerably 
reduced. Their right hand grip improved. The skin became 
red and warm. The patients were able to move their upper 
arms and heads without much discomfort. They were sent to 
the floor for physical and occupational therapy. The patients 
received 30 mL of 0.25% bupivacaine with 1 in 5 ug/mL of 
epinephrine through the interpleural catheter in the above 
described position every day for 1 wk. They were sent to 
physical and occupational therapy 1 h after an injection of 
local anesthetic. Patients showed 90% relief after 1 wk of 
therapy and were discharged from the hospital. Both of them 
returned to work after 3 wk of physical therapy, occupational 
therapy, psychotherapy, and biofeedback. 

The treatment was based on previous experience in 
treating reflex sympathetic dystrophy that failed to respond 
to stellate ganglion blocks. The interpleural blocks helped 
these patients by producing profound blockage of the 
sympathetics to the upper extremity, head, and neck, as 
well as the upper intercostal and the lower brachial plexus 
somatic nerves. 


T. R. Shantha, MD, PhD 

Department of Anesthesiology 

Georgia Baptist Medical Center 
and Medical College of Georgia 

300 Boulevard, NE 

Atlanta, GA 30312 
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Near Mishap in Drug Administration 
Due to Similarity Between 
Drug Packaging 


To the Ed:tor: 


The unintended administration of drugs by anesthesiolo- 
gists in the perioperative period represents preventable 
incidents related to human error. Cooper et al. (1) reported 
that 19% of preventable incidents in the operating room by 
anesthesiologists were related to the accidental exchange of 
syringes containing anesthetic drugs. The most frequently 
reported syringe interchange was with muscle relaxants 
and their antagonists. Factors that were thought to contrib- 
ute to the syringe swap problem were the similarities of 
size, labeling, and color. In another study (2), which 
analyzed the incidence of major errors in anesthesia man- 
agement, drug ampule swap was responsible for 4.1% of 
anesthetic incidents. 

Many drug manufacturers are aware of this problem and 
have made a concerted effort to package their drugs in such 
a way that they can be easily identified from the shape, 
color, or labeling of the container. Manufacturers of neuro- 
muscular blocking drugs have packaged their drugs in 
containers that make them easily identifiable. Examples of 
different >ackaging techniques are the square bottles in 
which succinylcholine is contained and the hexagonal- 
shaped ccntainers for atracurium. Another group of drugs 
that deserve unique packaging for identification are vaso- 
active drugs. We recently avoided a potential catastrophic 
patient outcome involving a sympathomimetic drug. 

Multiple drugs are stocked in our anesthesia workroom. 
Two of these drugs are protamine sulfate (Lyphomed, 
Rosemont, Il., Figure 1) and dopamine HCl (American 
Regent Laboratories, Shirley, N.Y., Figure 1). Before coro- 
nary artery bypass surgery in our institution, the anesthe- 
siologist routinely stops in the anesthesia workroom to 
select drugs that will be used during the patient’s anes- 
thetic. In this case, several vials of protamine sulfate were 
obtained ‘rom the anesthesia workroom. Before the termi- 
nation of cardiopulmonary bypass, protamine sulfate was 
drawn up from the ampules into a 20-mL syringe. During 
the aspiration of the protamine sulfate from these vials, it 
was noticed that two of the ampules, which had an appear- 
ance similar to the protamine sulfate vials, were actually 
vials of dopamine HCl. Despite a thorough investigation, it 
could not be determined how vials containing dopamine 
were intermixed with vials containing protamine sulfate. 
Although a vigilant anesthesiologist is the best and ultimate 
protector against this type of mishap, it would be helpful if 
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Figure 1. Similar appearance of protamine sulfate and dopamine 
HC] vials. 


pharmaceutical companies would package potent vasoac- 
tive drugs in distinctive containers to help prevent the 
unintended injection of potentially harmful medication. 


Juraj Sprung, MD, PhD 

Eugene Y. Cheng, MD 
Department of Anesthesiology 
Froedtert Memorial Lutheran Haspitai 
9200 West Wisconsin Avenue 
Milwaukee, WI 53226 


References 


1. Cooper JB, Newbower RS, Long CD, McPeek B. Preventable anesthesia 
mishap. A study of human factors. Anesthesiology 1978;49:399-406. 

2. Cooper JB, Newbower RS, Kitz RJ. An analysis of major errors and 
equipment failures in anesthesia management: consideration for preven- 
tion and detection. Anesthesiology 1984;60:34-42. 





A Simple Method to Retrieve 
Irretrievable Epidural Catheters 


To the Editor: 


There are case reports of breakage and irretrievable epidu- 
ral and spinal catheters after continuous epidural, caudal, 
and spinal anesthesia (1-8). In some of the cases, the 
broken ends of the catheters were removed surgically (1,2). 

There is already a report of two broken microspinal cathe- 
ters out of 58 continuous spinals. Broken catheters were left 
in the subarachnoid space (5). This letter describes a simple 
method to retrieve irretrievable catheters from the epidural 
space when other methods such as changing the position 
and flexion of the lumbar spine fail. 

Our patient was an obese woman scheduled for contin- 
uous epidural anesthesia for labor and delivery. The epi- 
dural catheter (Abbot tray) was inserted at the L3-4 inter- 
spinous space while the patient was in a sitting position. A 
total of 15 mL of bupivacaine (0.25% with epinephrine) was 
injected through the epidural catheter resulting in no block. 
The procedure was repeated using a new epidural set. The 
block was not uniform, and the patient continued to 
experience some pain. It was decided to pull the epidural 
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Figure 1. The top catheter is the retrieved catheter compared with 
the normal catheter (below). Note two kinks in the retrieved 
catheter (arrows) and how much the first catheter was stretched 
when force was used to pull it out (arrow on the right side). 


catheter out and go one dermatome space higher. The last 
10 cm of the catheter could not be removed. Steady force 
was used to pull the Teflon catheter. It stretched almost 
double its length from the skin. Placing the patient in the 
same position utilized to insert the epidural catheter and 
flexing the patient's lumbar spine also failed to retrieve the 
catheter. 

A new epidural tray was opened. The irretrievable 
catheter and the entrance site at the skin were cleaned with 
alcohol and povidone iodine. A sterile Tuohy needle was 
passed over the epidural catheter. As it approached the 
skin, the catheter was pulled cephalad, applying slight 
tension on the catheter at 70°-80° angle to the skin surface. 
The epidural needle was threaded gently with the beveled 
surface facing cephalad. The ligamentum flavum and the 
epidural space were located by tactile and pressure sensa- 
tions. The catheter along with the epidural needle was 
pulled out gently in one mass without any difficulty. Close 
examination revealed no shearing of the catheter, two acute 
kinks located 4 and 5 mm from the tip, and that the catheter 
was stretched from 3 to 5 cm in length (Figure 1). The next 
epidural was performed at the L2-3 level resulting in good 
analgesia. 

We have successfully removed irretrievable catheters in 
two other cases using this method. One catheter had a knot 
and another catheter was kinked. In one case, the epidural 
needle had to be pulled back about 5 mm and reinserted 
twice through the ligamentum before we could retrieve the 
catheter. 

This maneuver enlarges the hole and/or separates the 
elastic tissue holding the catheters. Applying slight tension 
on the catheter as the epidural needle is threaded prevents 
the slackness of the catheter being caught at the tip of the 
needle and prevents shearing off the catheter as the needle 
is advanced. Still there is a danger of shearing the catheter. 
This method can be attempted using blunt (by filing) 
needles after threading the stylet as far as it can be 
advanced. 

Preliminary experiments on a plastic model show that 
the blunted epidural needle, Racz epidural needle, and 
18-gauge, 15-cm-long disposable trocar needle (from 
Cook-—-can be obtained from the radiology department) do 
not shear the catheter. If there are no contraindications, 
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biplanar image intensification radiographs can be used to 
monitor the movement of the needle. 


T. R. Shantha, MD, PhD 
Southeastern Pain Institute 
College of Geergia 

I-J. M. Medical College 


M. Mani, MD 

Department of Anesthesiology 
Georgia Baptist Medical Center 
300 Boulevard NE 

Atlanta, GA 30312 
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Capnography: Never Forget the 
False-Positives! 


To the Editor: 


Several letters in the recent anesthesia literature have again 
discussed the use of capnography in the detection of 
tracheal intubation. Edelist (1) has recently commented that 
we must emphasize clinical observation of the patient in the 
training of new anesthesiologists. We also appreciate the 
analysis of Dunn et al. (2) that the failure to detect carbon 
dioxide by capnography can be misleading and must be — 
combined with clinical evaluation in diagnosing the place- 
ment of the endotracheal tube. In two cases described by 
these authors, successful endotracheal intubation was in- 
deed achieved though with some difficulty, but because of 
severe bronchospasm in the first case and equipment 
malfunction in the second, capnography failed to confirm 
correct positioning. In both instances the authors correctly 
chose to trust their clinical assessment, despite reports that 
clinical assessment is not always reliable, and that “end- 
tidal carbon dioxide measurement is at present perhaps the 
most reliable means under all circumstances of determining 
proper tube position’ (3). We were disappointed, though, 
that the authors did not, for completeness, discuss the 
scenario of esophageal intubation where capnography 
demonstrates a false-positive waveform (4). We believe that 
this is a far more serious situation, for the very reasons 
discussed by Edelist (1), i.e., that clinical signs may be 
ignored in the face of conflicting monitoring data. 
Previously described in several reports, the scenario of 
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detection cf carbon dioxide inflated into the stomach during 
ventilation via mask can lead to the false security propagated 
by an initial, “quick” glimpse at the capnograph. Contrary to 
the assessment of Birmingham et al. (3) that the capnograph 
waveform will appear irregular and of low amplitude, others 
have noted that the initial waveform may be indistinguishable 
from that of endotracheal intubation (4-6). 

The discussion by Dunn et al. is indeed enlightening, 
but the evaluation of technologies that tend to draw us 
further away from trusting our clinical skills need consider 
the false-positives as well as the false-negatives, lest we 
become even more secure with a positive test result. This 
becomes even more important for those of us in training 
programs, where our clinical skills are developed in the 
shadow of these technologies. 


William H. Rosenblatt, MD 
Department of Anesthesiology 

Yale University School of Medicine 
New Haven, Connecticut 
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Armenuhi Kharatian, MD 
Hospital No. 3 
Yerevan, Armenia 
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Perioperative Autologous Transfusion 
Linda Stehling, ed. Arlington, Virginia: American 
Association of Blood Banks, 1991, 177 pp, $30.00. 


Autologous blood is the transfusion of choice for avoidance 
of disease transmission. Clerical error or bacterial contam- 
ination of harvested units can still occur with autologous 
donation. However, the blood is otherwise completely safe 
for the recipient. In the contemporary climate of the AIDS 
crisis, transfusion practices are being scrutinized and 
changed. Homologous blood utilization continues to grow 
as does total blood utilization. Autologous units represent 
an underutilized resource. Continuous physician education 
and awareness will serve to increase the utilization of 
autologous units. The monograph, Perioperative Autologous 
Transfusion edited by Linda Stehling provides a wealth of 
information transcribed from a national conference held in 
Arlington, Virginia, in May 1990. 

As a series of lectures from multiple contributors, the 
book carries a relaxed style that makes it different from 
most texts. The individual styles of the chapters are quite 
variable. Highlights include the following: 

An introductory chapter by Steven Gould, MD, discuss- 
ing the need to transfuse, makes a number of appropriate 
points. First, there is no clear consensus on what level of 
hemoglobir/hematocrit patients must possess to trigger 
transfusion. Patients without significant cardiovascular dis- 
ease can survive extremely low levels (3.5 g/dL). His points 
about the trigger to transfuse are well made and should be 
well understood by all phvsicians. Perhaps most interesting 
is Dr. Gould’s discussion of the frustrations of day-to-day 
patient care and scheduling autologous blood donations. 
Clearly, he has identified early in this book the major 
problem with the growth of autologous usage. He also 
points out that a pro-active system combining strategies for 
blood conservation, salvage, and autologous donation is 
most effective. The use of a nurse coordinator has helped 
enormously in smoothing the logistical inadequacies at his 
institution. To generalize that approach to the national level 
will require a major commitment throughout the health 
industry. 

The topic of administrating an autologous program is 
further discussed by Linda Stehling, MD. Many pitfalls can 
be avoided by advance planning, devising protocols, and 
scheduling coverage of the needed services appropriately. 
The key is truly to spend time in planning. 

Two discussions compare a hospital-based autologous 
program and a regional blood center program. Kenneth 
Williamson, MD, reviewed the Mayo Clinic experience and 
nicely summarizes the advantages and disadvantages in a 
table. Mark Popovsky, MD, reviewed the Northeast Re- 
gional Blood Center’s experiences and notes its advantages. 
From the two chapters, there is a consensus of them being 
complimentary approaches rather than contrasting or com- 
petitive ones, 

The impact of autologous programs on blood utilization 
has been extensively studied. Data from cardiac surgery and 
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orthopedic cases are reviewed by Thomas Lane, MD, and 
Joseph C. McCarthy, MD, respectively. Both authors make 
strong cases for the use of autologous blood in decreasing 
transfusion during these operations. The use of filtered blood 
rather than washed processed cells is controversial, including 
the potential for enhancing coagulopathies. Dr. Schukri F. 
Kuri discusses that controversy in detail in a separate chapter. 
At least for moderate blood loss cases, the use of washed cells 
is safe and does not directly cause a coagulopathy. 

Other chapters of particular interest enumerate the 
financial and legal implications. Three separate discussion 
sections provide answers to some of the most commonly 
asked questions including how to staff call schedules for 
cell saver personnel, the use of blood substitutes, and 
bacterial contamination of cell-saved products. 

As an example of the underutilization of these tech- 
niques, the participants agreed that if there was even a 10% 
chance of a patient requiring blood products, then use of 
multiple autologous techniques should be appropriate. In 
summary, Perioperative Autologous Transfusion does provide 
an up-to-date summary of the available data and controver- 
sies surrounding the use of autologous blood. It may help 
to increase the use of this underutilized technique to avoid 
homologous transfusion and is appropriate reading for all 
persons involved in perioperative care. 


Bruce D. Spiess, MD 
University of Washington School of Medicine 
Seattle, Washington 


Preanesthetic Assessment 


Volume 8, No. 4 of Anesthesia Clinics of 

North America 

Elizabeth A. M. Frost, ed. Philadelphia: W. B. Saunders, 
1990, 256 pp, $32.00 (single issue), $69.00 (annual 
subscription for four issues). 


Preanesthetic Assessment contains 16 chapters and is orga- 
nized according to patient population (e.g., preanesthetic 
assessment of the pediatric patient or obstetric patient) and 
to system disease (e.g., preanesthetic assessment of the 
cardiac, drug abuse, neurosurgical patient). The majority of 
the authors are on the faculty of the anesthesia department 
of Albert Einstein College of Medicine in the Bronx, New 
York where the guest editor is professor of anesthesiology. 
This fact probably explains the uniformity of the material 
presented. 

This reviewer feels that the most beneficial feature of 
this book is that it puts at the reader’s disposal the chance 
to review the clinically relevant aspects of several disease 
processes along with the important aspects of anesthesia 
care in a condensed and a handy way. Also, the book helps 
the reader review some areas of medicine, which are a bit 
removed from the core of the anesthesia body of knowl- 
edge, e.g., nuclear angiography of the heart, evaluation of 
thyroid function, and blood tests for AIDS. This material 
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will help anesthesiologists to communicate more readily 
with colleagues from other disciplines of medicine. 

Several chapters were particularly useful, including 
those on coagulopathy, oncology, and substance abuse. 
There are, though, some topics that the reviewer wishes 
were included in the book—e.g., the indications for per- 
forming coronary angiography on the cardiac patient for 
noncardiac surgery. A discussion on the pathophysiology 
of the different varieties of chronic pulmonary obstructive 
diseases, the role of major conduction vs general anesthe- 
sia, and the preanesthetic evaluation of the patient with 
multiple organ failure are often missing topics. 

The question that poses itself strongly is: is this a 
necessary book? Is this information presented in standard 
anesthesia textbooks or in subspecialty anesthesia texts? 
Certainly, but this handbook offers ready availability, prac- 
ticality, and relevance; features that make it very useful for 
busy practicing anesthesiologists, for surgeons, and for 
internists involved in the perioperative care of the surgical 
patient. 


Morris E. Antebi, MD 
Burdette Tomlin Memorial Hospital 
Cape May Caurt House, New Jersey 


Manual of Anesthesia and the Medically 
Compromised Patient 

E. Y. Cheng and J. Kay, eds., Philadelphia: J. B. 
Lippincott, 1990, 680 pp, $42.50. 


Every anesthesiologist needs a medicine text as a reference. 
Either one chooses a publication devoted solely to the 
subspecialties of internal medicine or one selects a text that 
integrates medical knowledge with the principles of anes- 
thetic practice. The popularity of the latter group most 
likely stems from the anesthesiologist’s desire to under- 
stand the concurrent medical illness as well as relate it to 
special preoperative evaluation or intraoperative manage- 
ment. The growing number of choices available in this 
domain reflects the need for this type of information to be 
readily available for the planning of a safe anesthetic. 

The Manual of Anesthesia and the Medically Compromised 
Patient can best be described as a paperback version of 
Stoelting, Dierdorf, and McCammon’s Anesthesia and Co- 
Existing Disease. Both of these texts are written for similar 
audiences and approach the subject matter in the same 
fashion. Reasons why one may prefer this Manual of Anes- 
thesia are several. First, it chooses to eliminate bulkiness by 
concentrating on “the more commonly encountered medi- 
cal illnesses.” Of course, congestive heart failure, hyper- 
tension, and diabetes are thoroughly covered, but so are 
the likes of hypothyroidism, the thalassemias, and sclero- 
derma. Only the more esoteric diseases (which the reader 
never heard of anyway) are not discussed. Second, the 
outline format of this book works very well. It is a full-text 
discussion for a given topic arranged in an outline structure 
with headings and subheadings for the convenience of the 
reader. It is not simply the pared-down highlights of a 
given topic compressed into an outline format or tables 
where the true meaning is sometimes lost in favor of an 
economy of words and space. Third, the cost is not prohib- 
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itive, and it allows for a minimal outlay of funds especially 
when successive, more current editions are published. 

As with most first editions, there is room for improve- 
ment. The table of contents is inconsistent. Some chapters 
list the topics contained within for easy reference and rapid 
accessibility, whereas other chapters are simply listed by 
their title (e.g., Renal Disease, Malignancies) with no men- 
tion of their content. Each subsection of the book is accom- 
panied by a summary of the anesthetic considerations. This 
usually consists of several paragraphs of relevant informa- 
tion that may be skimmed in less than a minute by a 
hurried anesthesiologist. Although the intent was good, 
the outcome was such that the summaries are too short and 
prone to generalizations to be of genuine usefulness in 
planning an anesthetic. Lastly, each topic is accompanied 
by a Recommended Reading list. The only fault here is that 
the references are from years 1988 and prior. Future edi- 
tions (and there definitely should be) will hopefully come to 
press more quickly and will not suffer from this drawback. 

On the average, one may be more inclined to shy away 
from a paperback manual and purchase a major reference 
text, especially when both are available on the same subject 
matter. However, this manual is a good mix of medicine 
and anesthesia and should not at all be considered less 
thorough because of its smaller size. 


David M. Guarnieri, MD 
Jefferson Medical College 
Philadelphia, Pennsylvania 
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A Guide for Authors 


Manuscripts should be sent to: 


Ronald D. Miller, mD 
Editor-in-Chief 
Anesthesia and Analgesia 
3497 Sacramento Street 
San Francisco, CA 94118 


Peitöriak KORCIE 

Anesthesia and Analgesia, the oldest publication for the specialty of 
anesthesiology, is the official voice of the International Anesthesia 
Research Society. It publishes original articles, clinical reports, technical 
communications, review articles, and letters to the editor. 

All papers are reviewed by three or more referees. Acceptance is 
based on significance, originality, and validity of the material pre- 
sented. Only one copy of an article not accepted for publication will be 
returned to the author. 

The submitted manuscript should be accompanied by a covering 
letter that includes a statement to the editor about all submissions and 
previous reports that might be regarded as prior or duplicate publica- 
tion of the same, or very similar work. The title page and abstract of 
such material should be included with the submitted manuscript to 
help the editor decide how to deal with the matter. 

Manuscripts must be prepared and submitted in the manner de- 
scribed in “Uniform Requirements for Manuscripts Submitted to Bio- 
medical Journals,” reprinted in The New England Journal of Medicine 
1991;324:424-8. 

No manuscripts describing investigations carried out in humans 
will be accepted for publication unless the text states that the study 
was approved by the authors’ institutional human investigation com- 
mittee and that written informed consent was obtained from all 
subjects or, in the case of minors, from parents. No manuscript 
describing investigations in animals will be accepted for publication 
unless the text states that the study was approved by the authors’ 
institutional animal investigation committee. 

Human subjects should not be identifiable. Do not use patients’ 
names, initials, or hospital numbers. 

Authors and their typists should use the checklist given below for 
preparation of manuscripts: 


General 


O Original articles describe in 3000 words or less clinical or laboratory 
investigations. : 

O Clinical reports describe in 1000 words or less either new and 
instructive case reports or anesthetic techniques and equipment of 
demonstrable originality, usefulness, and safety. 

O Technical communications are papers that deal with instrumentation 
and analytic techniques. 

D Review articles of 2500 to 4000 words collate, describe, and evaluate 
previously published material to aid in evaluating new concepts. 

O Letters to the editor, less than 300 words in length, include brief 
constructive comments concerning previously published articles or 
brief notations of general interest. The manuscripts must be double- 
spaced, and a title and three copies must be provided. 

O Type manuscripts on white bond paper, 216 by 279 mm (8% by 11 
in.) or ISO A4 (212 by 297 mm) with margins of at least 25 mm (1 in.) 
using double-spacing throughout. 





O Begin each of the following sections on separate pages: title page, 
abstract and key words, text, acknowledgments, references, tables 
(each table, complete with title and footnotes, should be on a 
separate page), and legends. Type only on one side of the paper and 
number pages consecutively, beginning with the title page. Type the 
page number in the upper right-hand corner of each page. 
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O Submit original plus three copies of the manuscript and four sets of 
figures in a heavy paper envelope. Submitted manuscripts should be 
accompanied by a covering letter and by letters granting permission 
to reproduce previously published materials or to use illustrations 
that may identify subjects. 

O Authors should keep copies of everything submitted. 


Title Page 
O The title page should contain the title of the article, which should be 
concise but informative; 


O A short running head of no more than 40 characters (count letters 
and spaces) placed at the bottom of the title page and identified; 


O First name, middle initial, and last name of each author, with highest 
academic degree(s); each listed author must (a) have participated in 
the work to the extent that he or she could publicly defend its 
contents; (b) have read the manuscript before its submission for 
publication; and (c) be prepared to sign a statement to the effect that 
he or she has read the manuscript and agrees with its publication; 


O Name of department(s) and institution(s) to which the work should 
be attributed; 


O Disclaimers, if applicable; 


O Name, address, telephone number, and FAX number of author 
responsible for correspondence about the manuscript; 


O Name and address of author to whom requests for reprints should be 
addressed, or a statement that reprints will not be available from the 
author; 


O The source(s) of support in the form of grants. 


Abstract and Key Words 


O The second page should carry an abstract of not more than 150 
words. (Abstracts are not needed for Clinical Reports.) 


O The abstract should state the purposes of the study or investigation, 
basic procedures (study subjects or experimental animals; observa- 
tional and analytic methods), main findings (give specific data and 
their statistical significance, if possible), and the principal conclu- 
sions. Emphasize new and important aspects of the study or obser- 
vations. 


O Define all abbreviations except those approved by the International 
System of Units. 


D Key (indexing) words: Below the abstract, provide (and identify as 
such) 3 to 10 key words or short phrases that will assist indexers in 
cross indexing the article. 


Text 


O The text of observational and experimental articles is usually—but 
not necessarily—divided into sections with the following headings: 
Introduction, Methods, Results, and Discussion. 

O Case reports, reviews, and editorials do not require the above 
sections. 


O Introduction: Clearly state the purpose of the article. Summarize the 
rationale for the study or observation. Give only strictly pertinent 
references and do not review the subject extensively. 


O Methods: Describe the selection of observational or experimental 
subjects (patients or experimental animals, including controls) 
clearly. Identify the methods, apparatus (manufacturer’s name and 
address in parentheses), and procedures in sufficient detail to allow 
other workers to reproduce the results. Give references to estab- 
lished methods, including statistical methods; provide references 
and brief descriptions for methods that have been published but are 
not well known; describe new or substantially modified methods, 
give reasons for using them, and evaluate their limitations. 


O Identify precisely all drugs and chemicals used, including generic 
name(s), dosage(s), and route(s) of administration. 


O Results: Present the results in logical sequence in the text, tables, and 
illustrations. Do not repeat in the text all the data in the tables and/or 
illustrations; emphasize or summarize only important observations. 


O Discussion: Emphasize the new and important aspects of the study 
and conclusions that follow from them. Do not repeat in detail data 
given in the Results section. Include in the Discussion the implica- 
tions of the findings and their limitations and relate the observations 
ta other relevant studies. Link the conclusions with goals of the 
study but avoid unqualified statements and conclusions not com- 
pletely supported by the data. 


O Units of measurement: Measurements of distance/length and weight 
must be expressed in metric units only. Clinical laboratory and 
hematologic data must be expressed in SI units with, if desired, 
present conventional metric units in parentheses. 


References 


All references must be available to all readers. Cite only references to 
books and articles or abstracts published in peer-reviewed Index 
Medicus journals. Abstracts appearing only in programs of meetings are 
not acceptable, nor are abstracts more. than five years old. 


O Number references consecutively in the order in which they are first 
mentioned in the text. 


O Identify references in text, tables, and legends by arabic numerals (in 
parentheses, on line) 


D Use the style of the examples below, which are based on the format 
used by the US National Library of Medicine in Index Medicus. 


O The titles of journals must be abbreviated according to the style used 
in Index Medicus. 


O References must be verified by the author(s) against the original 
documents, and the entire list must be checked for nonduplication. 


Examples: 

1. Standard journal articles (List all the authors when six or less; when 
seven or more, list only the first three and add et al.) 
Rigler ML, Drasner K, Krejcie TC, et al. Cauda equina syndrome 
after continuous spinal anesthesia. Anesth Analg 1991;72:275-81. 

2. Personal author(s) of books and monographs 
Eisen HN. Immunology: an introduction to molecular and cellular 
principles of the immune response. 5th ed. New York: Harper and 
Row, 1974. 

3. Chapter in a book 
Weinstein L, Swartz NM. Pathogenic properties of invading 
mucroorganisms. In: Sodeman WA Jr, Sodeman WA, eds. Patho- 
logic physiology: mechanisms of disease. Philadelphia: WB Saun- 
ders, 1974:457-72. 


Tables 


O Type each table double-spaced on a separate sheet. Do not submit 
tables as photographs. 

O Number tables consecutively and supply a brief title for each. Give 
each column a short or abbreviated heading. 


O Place explanatory matter in footnotes, not in the heading. Explain in 
footnotes all nonstandard abbreviations that are used in each table. 
For footnotes, use lower-case italicized letters in alphabetical order. 

C Do not use internal horizontal or vertical rules. 

D Cite each table in the text in consecutive order. 


O If data are used from another published (or unpublished) source, 
submit written permission from both author and publisher and 
acknowledge fully. 


Dlustrations 


O Submit four complete sets of figures. Figures should be in black and 
white only and be professionally drawn and photographed; free- 
hand or typewritten lettering is unacceptable. Note: Art work of 
published articles will not be returned. 


O Send sharp, unmounted, glossy black-and-white photographic 
prints, usually 127 by 173 mm but no larger than 203 by 254 mm, 
instead of original drawings, roentgenograms, or other material. 


C] Many computer-generated figures are unsatisfactory for reproduc- 
tion and should be professionally redrawn. Lettering should be of 
adequate size to retain clarity after reduction (final lettering size in 
print should be 1.5 mm high). Symbols, cross-hatching, and stip- 
pling within a figure should be sharp and distinct enough to retain 
uniqueness after reduction. 


O Each figure must have a label pasted on its back indicating the 
number of the figure, the names of the authors, and the top of the 
figure. Do not write on the back of the figures. Do not mount them 
on cardboard or scratch them by using paper clips. Do not bend 
figures. 

O0 Photomicrographs must have internal scale markers. Symbols, ar- 
rows, and letters used in the photomicrographs should contrast with 
the background. 


O Cite each figure in the text in consecutive order. If a figure has been 
published, acknowledge the original source and submit written 
permission from both the author and the publisher to reproduce the 
material. Permission is required, regardless of authorship or pub- 
lisher, except for documents in the public domain. 


Legends for Iustrations 
O Type legends for illustrations double-spaced starting on a separate 
page, with arabic numerals corresponding to the illustrations. 


O When symbols, arrows, numbers, or letters are used to identify parts 
of the illustrations, identify and explain each one clearly in the 
legend. 


Abbreviations 


O At first mention in text, spell out in full and follow immediately with 
the abbreviation (enclosed within parentheses). 


O Do not synthesize new or unusual abbreviations. When many 
abbreviations are used, include all in a box of definitions at the start 
of the article. ; 


O Consult the following sources for abbreviations: 

1. CBE Style Manual Committee. Council of Biology Editors style 
manual: a guide for authors, editors, and publishers in the 
biological sciences. 5th ed. Bethesda, Maryland: Council of Biol- 
ogy Editors, 1983; 

2. American Medical Association. Manual of style. 8th ed. Baltimore, 
Maryland: Williams & Wilkins, 1989. 


Exclusive Publication Statement 


O The principal author of all materials submitted for publication 
(except letters to the editor) must include in a covering letter a 
statement to the effect that none of the material in this manuscript 
has been published previously nor is any of this material currently 
under consideration for publication elsewhere. 


O Authors will be asked to transfer copyright of articles accepted for 
publication to the International Anesthesia Research Society. 
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CARDIOVASCULAR ANESTHESIA 
Section Editor 
Joseph G. Reves 


Effects of Cardiopulmonary Bypass and Cardioplegia on | 


Bruce J. Leone, MD 


Regional and Global Cardiac Actions of Halothane in Dogs! 
_ Donat R. Spahn, MD, L. Richard Smith, PhD, Wei-chih Hu, Php, Robert L. McRae, and 


Division of Cardiac Anesthesia, Department of Anesthesiology, The Heart Center at Duke University and Division of 
Biometry, Department of Community and Family Medicine, Duke University Medical Center, Durham, North Carolina 


Cardiopulmonary bypass (CPB) with aortic cross- 
clamping represents a controlled period of global 
cardiac ischemia. We hypothesized that CPB (asan- 
guineous prime), with aortic cross-clamping and re- 
peated cardioplegia, alters myocardial ction, 
which would be manifested as an exaggerated myo- 
cardial depression caused by halothane after CPB. In 
nine dogs anesthetized with fentanyl and midazo- 
lam, halothane dose-response curves (0.0%-2.0%) 
were compared before and after CPB. A reduced 
mean arterial blood pressure (46.4 + 3.7 vs 85.8 + 
5.9 mm Hg), associated with a marked hemodilution 
(hematocrit, 19% + 1% vs 41% + 2%), was observed 


cross-clamping induces a controlled period of 
global myocardial ischemia, the effects of 
which are mitigated by hypothermia and cardiople- 
gia. In previous experimental studies using a variety 
of preparations, as well as clinical studies in patients 


C ardiopulmonary bypass (CPB) with aortic 


-undérgoing coronary artery bypass graft surgėry, 


significant myocardial dysfunction after CPB has 
been observed (1-3). Comipromised left ventricular 
(LV) function after CPB might result from residual 
ischemia, a myocardial stunning effect of CPB with 
cardioplegia (4), a hibernating state of the myocar- 
dium (5), de novo ischemia developing in the early 
post-CPB period because of low coronary perfusion 


. pressure, or microemboli in the coronary circulation. 


If residual myocardial dysfunction from CPB and 
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after CPB. Cardiac output and systolic shortening 
were not significantly different after versus before 
CPB during fentanyl-midazolam anesthesia. Normal- | 
ized to fentanyl-midazolam hemodynamics, ‘halo- 
thane dose-response curves before and after CPB 
were identical for all variables except cardiac output, 
where halothane caused a slight but statistically sig- 
nificantly more pronounced decrease after CPB com- . 
pared with before CPB. The effect of halothane on left 
ventricular function, therefore, is re unaf- | 
fected by CPB with cardioplegia. 

(Anesth Analg 1991; 73: 513-20 


aortic cross-clamping ‘is present despite using stan- 
dard cardioplegic protection of the heart (2,6,7), one 
might expect the cardiovascular system to be partic- 
ularly sensitive to the known cardiovascular depres- 
sive actions of volatile anesthetics. The knowledge of 
the cardiovascular. depressive properties of volatile 
anesthetics specifically in the early post-CPB period is 
important because volatile anesthetics may be used 
for anesthesia maintenance in that particular: period. 

We hypothesized that an asanguineous, moderate 
hypothermic CPB technique with repeated.cardiople- 
gia during aortic cross-clamping in otherwise normal 
myocardium alters myocardial function and that this 
change in myocardial function results in arvincreased 
sensitivity of the myocardium to the cardiodepressive 
actions of halothane in the. éarly post-CPB period. 
Halothane was used in the present study because the 
cardiovascular actions of halothane and in particular 
its interaction with evolving ischemic dysfunction are 
best known ainong the volatile anesthetics. - 


Methods 


All animals used in these experiments received hu- 
mane care in compliance with the “Principles of 
Laboratory Animal Care” formulated by the National 
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Society for Medical Research and the “Guide for the 
Care and Use of Laboratory Animals” prepared by 
the National Academy of Science and published by 
the National Institutes of Health (NIH Publication 
No. 80-23, revised 1978). 

In nine unpremedicated dogs, weighing 22-26 kg, 
anesthesia was induced with thiopental (15-25 mg/kg 
IV). The trachea was intubated, and the animals were 
ventilated with 100% oxygen to normocarbia at a rate 
of 10 breaths/min (Ohio V5 Airco, Ohmeda, Madison, 
Wis.). End-tidal carbon dioxide and halothane con- 
centrations were continuously measured by infrared 
spectroscopy (Datex model 254; Puritan Bennett Cor- 
poration; Wilmington, Mass.). During the surgical 
preparation, anesthesia was maintained with 1.0%- 
1.5% halothane (end tidal). The animals were placed 
in the supine position and an intravenous cannula 
was introduced in the hindlimb through which a 
continucus infusion of 0.9% saline (3—4 mL-kg™?-h7*) 
was begun. A 7F pressure-transducer tipped catheter 
(Millar Instruments, Houston, Tex.) was inserted in 
the femoral artery and advanced to the thoracic aorta, 
1 cm distal to the left subclavian artery, to obtain 
aortic pressure and arterial blood gas analyses. 

The heart was exposed through a median sternot- 
omy and suspended -in a pericardial cradle. A 5F 
pressure-transducer tipped catheter was inserted into 
the left ventricle through a stab incision at the apex of 
the heart to measure left ventricular (LV) pressure. 
The fat pad was dissected free of the aortic root, an 
appropriately sized 5-MHz Doppler ultrasonic flow 
probe was placed around the aortic root, and aortic 
blood flow velocity was measured with a Doppler 
flowmeter (model 100-1000-05; Triton Technologies, 
San Diego, Calif.). 

A pair of. ultrasonic crystals (diameter, 1.5-2 mm) 
oriented in the short axis of the heart was placed in 
the apical region of the LV anterior wall, the area that 
has been shown to be most sensitive to the depres- 
sant actions of halothane (8). The regional myocardial 
contraction pattern was ‘assessed by continuously 
measuring the segment length between the two so- 
nomicrometer crystals, based on the measurement of 
ultrasonic transit time (Sonomicrometer model 120; 
Triton Technologies) (9,10). 


Experimental Protocol 


After sternotomy, halothane was discontinued and 
initial boluses of fentanyl (5 ug/kg; total initial bolus 
dose, 10 wg/kg) and midazolam (50 ug/kg; total initial 
bolus dose, 100 ug/kg) were given, followed by con- 
tinuous infusions (fentanyl, 0.1-0.2 pg-kg~*-min™?; 
midazolam, 1-2 ug-kg~*-min™*). The time interval 
between initial bolus administrations was 3 min. At 
least 60 min elapsed before any pre-CPB measure- 
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ments were recorded. During this period, no further 
boluses of fentanyl or midazolam were administered, 
and the fentanyl and midazolam infusion rates were 
constant. First measurements were made during fen- 
tanyl-midazolam anesthesia (halothane 0%); hal- 
othane then was readministered and general hemo- 
dynamic parameters as well as regional function data 
were recorded with increasing concentrations of 
1.0%, 1.5%, and 2.0% end-tidal halothane (halothane 
dose-response curve), with the fentanyl and midazo- 
lam infusions continuing throughout the entire 
halothane dose-response curve. At each halothane 
level, at least 10-15 min were allowed to reach a 
steady state, which was confirmed by infrared spec- 
troscopy. After the pre-CPB halothane dose-response 
curve was obtained,.halothane was discontinued and 
anesthesia was maintained with constant fentanyl 
and midazolam infusions during CPB as well as in the 
post-CPB period. 

After heparin administration (300 U/kg),.CPB was 
instituted by draining the venous blood from the 
right-atrium and returning the arterialized blood to 
the proximal left subclavian artery. The CPB circuit 
was primed with 1000 mL of crystalloid and 500 mL of 
Dextran 70. The flow rate was set at 1.7 L-min7?-m7* 
arid mean arterial blood pressure was held constant 
at 55-65 mm Hg by means of phenylephrine or 
nitroprusside infusions as necessary. Repeated arte- 
rial blood gas analyses were performed, and arterial 
CO, tension was corrected to a range of 30-40 mm Hg, 
arterial O, tension to a range of 100-200 mm Hg, and 
pH to a range of 7.35-7.45, and base excess was kept 
above -5 mEq/L using the alpha stat blood gas 
management. After having stabilized the animal at a 
body temperature of 28°-32°C, the aorta was cross- 
clamped and the heart was arrested by an initial dose 
(350 mL) of cold (4°C) cardioplegia solution (Na 
120, K = 16, Ca = 2.4, Mg = 32, CI = 160, HCO, 
20 mEq/L, heparin = 1000 U/L, procainamide 
50 mg/L, osmolality = 300 mOsm/L, pH = 7.80 at 
4°C), which was infused into the aortic root using a 
14-gauge DLP aortic root cannula with vent (DLP, 
Inc., Grand Rapids, Mich.). The heart was packed in 
crushed ice and a septal myocardial temperature 
(Shiley, Irvine, Calif.) between 14° and 18°C resulted. 
After 20 min, a second dose of cardioplegia solution 
(250 mL) was infused. The aortic cross-clamp was 
released at 40 min and rewarming was started. At a 
stable body temperature of 36° + 1°C, the animals 
were weaned from CPB (mean total CPB time, 157 + 
10 min) and the right atrium was decannulated. The 
animal was stabilized at an LV end-diastolic pressure 
of 5-8 mm Hg, and at 48 + 2 min after CPB (at least 
30 min after the last administration of any inotropic 
agent or sodium bicarbonate), the post-CPB halo- 
thane dose-response curve was recorded (halothane 
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in addition to the continuous infusions of fentanyl 
and midazolam). No positive inotropes, CaCl, or 
sodium bicarbonate were administered during re- 
cording of the post-CPB halothane dose-response 
curves. 


Data Processing, Calculations, and Statistics 


The pressure signals were amplified by a low-noise 
direct current preamplifier (Grass Instruments, 
Quincy, Mass.), digitally converted (analog-to-digital 
converter, model 16AF; MetraByte Corporation, 
Taunton, Mass.), and recorded with a personal com- 
puter (model 386; Compaq Computer Corporation, 
Houston, Tex.) at a sampling rate of 500 Hz over a 
period of 10 s. 

Stroke volume was obtained as the product of the 
perfused cross-sectional area of the aortic flow probe 
and the systolic aortic blood flow velocity time inte- 
gral, and cardiac output was computed as the prod- 
uct of stroke volume and heart rate. LV dP/dt, the 
first derivative of LV pressure, was determined as the 
instantaneous slope of the LV pressure-time curve 
using a five-point differentiation. End-diastole was 
defined by the first consistent positive deflection of 
LV dP/dt and end-systole by the abrupt cessation of 
forward blood flow in the aortic root, indicating aortic 
valve closure. 

Derived cardiovascular parameters were com- 
puted according to standard formulas. Systemic vas- 
cular resistance (SVR) [dyne-s-cm~”] was computed 
as 


SVR = MAP x 80/CO, 


where MAP = mean arterial pressure (mm Hg) and 
CO = cardiac output (L/min) (1), and coronary per- 
fusion pressure was computed as diastolic aortic 
pressure minus LV end-diastolic pressure (LVEDP). 
Blood viscosity was calculated from the measured 
hematocrit (Hct) based on the data of Rand et al. (11); 
an exponential curve was fit to the viscosity data, 
from 0% to 60% hematocrit, determined at a shear 
rate of 212 s~* and 37°C (12). The exponential regres- 
sion analysis yielded 


n = e0-3612 + 0.0251 Bet r = 0.9966 


where ņ = viscosity (cp). Vascular resistance (VR) 
(dyne-s-cm~°*:cp~') was then calculated as VR = 
SVR/ņ (12). 

The end-diastolic segment length and end-systolic 
length were determined using the. above definitions 
for end-diastole and end-systole. Systolic shortening 
(SS) and post-systolic shortening (PSS) were calcu- 
lated as 


SS = [(EDL — Liins}EDL] x 100 (Reference 10), 
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PSS = [(Lains — Lminp/(EDL — Launp)] X 100 (Reference 13), 


where EDL = end-diastolic segment length, Lmins = 
minimum length obtained during systole, and Luan 
= minimum length obtained during early diastole. 
For subsequent statistical analyses, negative values 
for PSS were listed as zero (14). 

The effect of halothane on hemodynamic variables 
and the effects of CPB on halothane dose-response 
curves were statistically examined by means of a 
multifactorial analysis of variance with a complete 
block design using the general linear model proce- 
dure in SAS (version 6.04; SAS Institute, Cary, N.C.). 
Three main effects and one interaction were esti- 
mated. The main effects were (a) dog, which was 
used to remove dog-to-dog variability, (b) halothane 
dose, and (c) time (before vs after CPB). In addition, 
the halothane dose-time interaction was estimated as 
an overall test for whether the response of an indi- 
vidual variable was different before versus after CPB. 
Values measured during fentanyl-midazolam anes- 
thesia before and after CPB were compared by least- 
squares means estimation using genera] linear model. 
Measured values as well as values normalized to pre- 
and post-CPB fentanyl-midazolam were analyzed. 
Because three dogs died during recording of the 
post-CPB halothane dose-response curve (one at 
1.5% and two at 2.0% end-tidal halothane), two 
different analyses were performed: one with all avail- 
able data (n = 9, Table 1) and a second including only 
data of the six dogs with a complete post-CPB 
halothane dose-response curve. Because the results 
were similar in both analyses, numbers in text and 
figures (mean + SEM) are based on all available data, 
and they represent raw means. Pre- and post-CPB 
hematocrit and viscosity values were compared by 
paired t-tests. The significance level was considered 
to be 0.05, and 0.01 was considered to be highly 


significant. 


Results 


Halothane dose-response curves before cardiopulmonary 
bypass. Before CPB, halothane induced the expected 
significant dose-dependent decreases in cardiac out- 
put (Figure 1), MAP (Figure 2), coronary perfusion 
pressure, heart rate, maximum positive LV dP/dt (LV 
dP/dt,,.,) (Table 1), SS (Figure 3), SVR (Figure 4), and 
vascular resistance (Table 1). Left ventricular end- 
diastolic pressure, end-diastolic segment length, 
stroke volume, and PSS did not change with increas- 
ing halothane concentrations (Table 1). 


Fentanyl-midazolam hemodynamics before versus after 
cardiopulmonary bypass. Because of the asanguineous 
CPB prime, hematocrit (19% + 1%) and the calculated 
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Table 1. Hemodynamic Effects of Increasing Halothane Concentration Before Versus After Cardiopulmonary Bypass 


During Fentanyl-Midazolam Anesthesia‘ 


Before CPB After CPB 
0 1.0 1.5 0 1.0 1.5 l 2.0 

Halothane (%) (n = 9) (n = 9) (n = 9) (n = 9) (n = 9) (n = 9) (n = 8) {n = 6) 
HR (beats/min) 133 +7 119 + 6 106 + 3 96 + 3° 127 + 8 110 + 10 109 + 6 99 + 13? 
LVEDP (mm Hg) 83+13 68410 54+1.0 56+1.2 78+27 59+1.0 6.7+1.3 6.1 + 1.1 
CPP 

(mm Hg) 66.1456 436441 322445 220+2.6° 269430 16.3 + 2.6 12.4 + 2.7 12.8 + 2.5°4 

(% FM) 66.0433 494+65 34.3 + 4.2° 60.2+9.0 439+ 8.8 43.3 + 6.7 
VR 

(dyne-s-cm™*-cp7') 596 +108 458 +66 392+46 343 +20 654+107 639+ 149 744 + 231 727 £ 2437 

(% FM) 81.0 +49 72.0455 67.1 + 6.9 96.7 + 10.9 110.6 + 13.0 117.0+ 15.4 
SV 

(mL) 25.3 +3.0 239426 226+2.9 216432  24.0+41 21.0 +23.7 17.7 + 3.6 16.9 + 7.7 

(% FM) 97.7+68 92.1+7.9 88.2 +9.5° 86.7 + 8.4 65.3 + 8.9 66.2 + 8.8°4 
LV dP/dtpax | 

(mm Hg-s~') 1627 +191 978 +113 646 +86 440+51° 12624197 630+ 95 474 + 67 456 + 112° 

(% FM) 64.1 +3.7 4222+54 290+3.7 498 +57 36.5 + 4.0 33.0 + 3.8° 
EDL (mm) 10.9+1.0 106409 106408 109409 104410 10.7+09 11.3 11 10.7 + 1.3 
PSS (%) 12411 34423 31431 64+ 4.6 4.8 + 3.3 7.4 + 3.6 11.4 + 6.3 12.5 + 7.3 


CPB, carciopulmonary bypass; HR, heart rate; LVEDP, left ventricular end-diastolic pressure; CPP, coronary perfusion pressure; VR, vascular resistance; 
SV, stroke vclume; LV dP/dt,,,,, maximum LV dP/dt; EDL, end-diastolic length; PSS, postsystolic shortening. 
“Absolute values as well as values normalized to pre- and post-cardiopulmonary bypass fentany]l-midazolam (%). Values are mean + SEM. 


"Significant (P < 0.01) effect of increasing halothane concentrations. 


‘Significant (P < 0.01) difference versus pre-cardiopulmonary bypass FM. 


“Significant difference (P < 0.01) between pre- and post-cardiopulmonary bypass halothane dose-response curves. 


CO [i/ min] 


* x 


0 of 1 15 2 
Halothane [% ] 
Figure 1. Cardiac output (CO) before (@) and after {O} cardiopul- 
monary bypass. (A) Measured values (L/min). (B) Values normal- 
ized to pre- and post-cardiopulmonary bypass fentanyl!-midazolam 
(FM) (% FM). xx, Significant (P < 0.01) effect of increasing 
halothane concentrations; + , significant difference (P < 0.05) 
between pre- and post-cardiopulmonary bypass halothane dose- 
response curves. i 


blood viscosity (2.33 + 0.07 cp) were significantly 
lower after CPB (p < 0.01) than before CPB (41% + 
2%; 4.06 + 0.17 cp). The most striking difference 
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Figure 2, Mean arterial pressure (MAP) before (@) and after (O) 
cardiopulmonary bypass. (A) Measured values (mm Hg). (B) 
Values normalized to pre- and post-cardiopulmonary bypass fen- 
tanyl-midazolam (FM) (% FM). xx, Significant (P < 0.01) effect of 
increasing halothane concentrations; WY, significant (P < 0.01) 
difference versus before cardiopulmonary bypass FM; + +, sig- 
nificant difference (P < 0.01) between pre- and post-cardiopulmo- 
nary bypass halothane dose-response curves. 


N 


between fentanyl-midazolam hemodynamics after 
versus before CPB was the considerably lower MAP 
(Figure 2, Table 1). Cardiac output (Figure 1), SS 
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20 x* 


Figure 3. Systolic shortening (SS) before (@) and after (O) cardio- 
pulmonary bypass. (A) Measured values (%). (B) Values normal- 
ized to pre- and post-cardiopulmo fentany!-midazolam 
(FM) (% FM). *%*,.Significant (P < 0.01) effect of increasing 


oe halothane concentrations. 
a 


SVR [% FM] 
s § 
+ 
‘1 


0o o5 1 15 2 
Halothane [%] 
Figure 4. Systemic vascular resistance (SVR) before (@) and after 


. (O) cardiopulmonary bypass. ‘A) Measured values (dyne-s-cm™~*) 


. ` (B} Values normalized to pre- and post-cardiopulmonary bypass 


<< 


E rare (FM) (% FM). xx, Significant (P < 0.01) 


opulmonary bypass effect of increasing halothane concen- 
Sa , significant (P < 0.05) difference versus pre- 
cardiopulm FM; ++, significant difference {P < 


0.01) pene pre- and post-cardiopulmonary bypass halothane 
dose response curves. 


(Figure 3), PSS, stroke volume, VR, heart rate, 
LVEDP, and end-diastolic segment length remained 
unchanged (Table 1). Systemic vascular resistance 
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(Figure 4), coronary perfusion pressure, and LV dP/ 
dt nax Were decreased significantly after versus before 
CPB (Table 1). 


Halothane dose-response curves before versus after car- 
diopulmonary bypass. Normalized to fentanyl-midazo- 
lam hemodynamics (halothane 0%), the changes in 
MAP (Figure 2), heart rate, LVEDP, LV dP/dtnax 
end-diastolic segment length, and ‘5S induced by 
halothane (Figure 3) were identical before and after 
CPB (Table 1). The relative decrease in cardiac output 
(Figure 1) was slight, but statistically significantly 
more pronounced after CPB with increasing halo- 
thane concentrations as compared with the pre-CPB 
observations. The changes in SVR (Figure 4) and VR 
differed significantly before versus after CPB: before 
CPB these resistance indices decreased at increasing 
halothane concentrations; after CPB, SVR (Figure 4) 
and VR were unchanged over the entire range of 
halothane concentrations investigated. Averaged 
over the entire halothane dose-response curves, PSS 
was significantly higher (P < 0.05) after CPB as 
compared with before CPB. However, the post-CPB 
changes in PSS with increasing halothane concentra- 
tions were statistically not different from PSS changes 
during recording of pre-CPB halothane dose- 
response curves. 


Discussion 


The most important finding of the present study is 
that halothane dose-response curves before and after 
CPB were nearly identical with regard to LV function. 
The hypothesis, therefore, that asanguineous CPB 
with cardioplegia alters regional and global LV func- 
tion and sensitivity of the myocardium to the cardio- 
depressive actions of halothane is not substantiated 
in the present study. 

The pre-CPB halothane effects on, cardiovascular 
function are influenced by the background continu- 
ous infusions of fentanyl and midazolam, and thus 
direct comparisons with previous studies are fraught 
with difficulty. Decreases in MAP (Figure 2), coro- 
nary perfusion pressure, LV dP/dtmax and cardiac 
output (Figure 1) are in keeping with previous reports 
of the effects of halothane in different experimental 
models (13,15-17). The reported heart rate effects at 
increasing halothane concentrations are variable; no 
change (16,17), a decrease (13), and an increase in 
heart rate with halothane (15) have all been reported. 
An interaction with opioids might be suspected, as 
the dogs showing an increase in heart rate were not 
premedicated (15); the animals showing a constant or 
decreasing heart rate had received premedication of 
0.3-1.5 mg/kg of morphine sulfate (13,16,17). Sys- 
temic vascular resistance has been reported to be 
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unchanged by halothane (15,17). In contrast to these 
studies, SVR (Figure 4) decreased before CPB in the 
present study, which may represent an interaction 
between halothane and fentanyl-midazolam. Con- 
stant LVEDP at increasing halothane concentrations 
has been observed (13); however, a small increase in 
LVEDP has also been reported with increasing 
halothane concentrations (15-17). Systolic shortening 
of the LV anterior wall at 2.0% end-tidal halothane is 
depressed by 24%-46% (13,16,17); the depression of 
SS during recording of the pre-CPB halothane dose- 
response curve in the present study (Figure 3) was 
similar to that observed in these previous reports. A 
halothane-fentanyl-midazolam interaction therefore 
seems to be less important in terms of local LV 
anterior wall contractility. Moderate PSS at 2.0% 
inspired halothane concentration has also been re- 
ported (13). Thus the pre-CPB halothane-induced 
changes in global cardiovascular and regional myo- 
cardial function observed in this study are in keeping 
with those changes previously reported. 

The most striking finding in post-CPB global he- 
modynamics as compared with pre-CPB hemody- 
namics was the very low MAP; the post-CPB hema- 
tocrit and calculated viscosity were also markedly 
reduced. In the present study, blood viscosity was 
calculated based on data reported by Rand et al. (11). 
Although their viscosity values fit perfectly to an 
-exponential regression model, this approach may 
only yield an estimate of the true viscosity of blood 
because the influence of fibrinogen on blood viscosity 
was not taken into account (18). However, according 
to the law of Laplace, viscosity is part of the total 
resistance in any fluid-dynamic system (12), and 
therefore the low post-CPB blood viscosity as com- 
pared with the pre-CPB blood viscosity may explain 
the low SVR and arterial pressures observed in this 
study after CPB. 

Three animals did not survive the post-CPB 
halothane dose-response protocol. The (incomplete) 
post-CPB halothane dose-response curves of these 
three nonsurviving animals, however, compared 
with their respective (partial) pre-CPB halothane 
dose-response curves in a way similar to that of the 
(complete) post-CPB halothane dose-response curves 
with respect to the (complete) pre-CPB halothane 
dose-response curves in surviving animals. Thus, the 
three nonsurviving animals did not show an exagger- 
ated susceptibility to halothane after CPB. The reason 
why these animals did not survive the recording of 
the post-CPB halothane dose-response curves re- 
mains speculative; of interest, these three animals 
were also the three most severely hemodiluted ani- 
mals after CPB and had lower values for mean arterial 
and coronary perfusion pressures as compared with 
the six animals that completed the post-CPB halo- 
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thane protocol. Thus, these animals started their 
post-CPB halothane dose-response curves with rela- 
tively low mean arterial and coronary perfusion pres- 
sures and probably could not stand any further 
pressure decrease because of increasing concentra- 
tions of halothane, notably pressure decreases similar 
to the pressure decreases in their pre-CPB halothane 
dose-response curves. The fact that these three ani- 
mals died during the post-CPB protocol, therefore, is 
not in contradistinction to the basic finding of this 
study, i.e., the LV depressive action of halothane is 
relatively unaffected by CPB and cardioplegia. 

Left ventricular function with fentanyl-midazolam 
was well preserved after CPB as compared with 
before CPB, evidenced by the lack of a significant 
change in cardiac output (Figure 1) or SS (Figure 3). 
The LV myocardium therefore was neither stunned 
nor in a hibernating state after CPB; both states are 
characterized by an impaired myocardial function. In 
addition, no ischemic regional dysfunction, such as a 
depressed SS or the appearance of significant PSS 
(13,16,17), was observed. Alternately, LV dP/dtmax 
was Significantly reduced after versus before CPB 
(Table 1), which may be taken as evidence for a 
reduced LV contractility (19), as preload (LVEDP, 
end-diastolic segment length) and heart rate were not 
significantly different before and after CPB (Table 1). 
A slightly decreased global LV contractility after CPB 
with repeated cold cardioplegia would agree with 
previous reports from a canine LV bypass model, 
showing reduced levels of high-energy phosphates 
and reduced LV peak pressure development after 
CPB and aortic cross-clamping with standard high- 
potassium cardioplegia (2). The reduced value for LV 
dP/dt nax might represent an isolated finding of minor 
physiologic significance, or one might speculate that 
a considerably reduced LV afterloading after CPB, as 
evidenced by a lower SVR with fentanyl-midazolam 
after CPB (Figure 4), enabled the heart to maintain 
cardiac output and SS of the LV anterior free wall at 
pre-CPB levels despite a reduced LV contractility. In 
addition to a decreased LV dP/dt,,,,, PSS (averaged 
over the entire halothane dose-response curve) was 
found to be higher after CPB than it was before CPB, 
which suggests some increased myocardial dysfunc- 
tion after CPB. The absence of exaggerated depres- 
sion of SS in the post-CPB halothane dose-response 
curve and of a marked increase in PSS during post- 
CPB fentanyl-midazolam anesthesia, however, 
would suggest that little, if any, ischemic damage 
was present (16). Despite the fact that there were 
small differences in LV dP/dt,,,, as well as in PSS, no 
physiologically significant depression of LV function, 
therefore, resulted from asanguineous CPB with car- 
dioplegia in the present study. 

The only differences in post- versus pre-CPB halo- 
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thane dose-response curves were a slight but statis- 
tically significantly more pronounced decrease in 
cardiac output (Figure 1) and stroke volume and an 
altered reaction of SVR to increasing halothane con- 
centrations. Whereas before CPB, SVR and vascular 
resistance decreased, these resistance indices re- 
mained constant after CPB (Figure 4), which may 
represent a homeostatic mechanism to preserve 
MAP. The slightly more pronounced decrease in 
cardiac output (Figure 1) and stroke volume after 
versus before CPB with increasing halothane concen- 
trations may indicate reduced cardiac reserves, may 
be the result of a very low coronary perfusion pres- 
sure during recording of the post-CPB halothane 
dose-response curves (Table 1), or may indicate an 
increased susceptibility for the depressive action of 
halothane after CPB. Without a correspondingly 
steeper decrease in SS and LV dP/dt,,,, during re- 
cording of post-CPB halothane dose-response curves, 
indicating exaggerated halothane-induced LV de- 
pression, an increased LV susceptibility for the de- 
pressive action of halothane after CPB seems un- 
likely. Right ventricular function, however, may 
become the limiting factor in overall cardiac perfor- 
mance, in particular with low coronary perfusion 
pressures (14). Thus impairment of right ventricular 
function may have caused the observed slight, but 
statistically significantly more pronounced, decrease 
in cardiac output after CPB. This decrease in post- 
CPB cardiac output induced by halothane therefore 
may occur without a corresponding decrease in re- 
gional or global LV contractility. Within the limits of 
the present study, however, this remains speculative. 

Halothane improves recovery of regional function 
after a transient ischemic episode (20). In the study of 
Warltier et al. (20), halothane was administered dur- 
ing a 15-min total coronary occlusion and thus af- 
fected the development of stunned myocardium. In 
the present study, halothane was administered only 
before and after CPB, and no important myocardial 
dysfunction was evident after CPB. 

Because halothane is known to cause myocardial 
depression (13,15-17), changes in hemodynamic 
measures were expected in this study. We therefore 
chose to analyze, in particular, the difference be- 
tween relative changes in myocardial function and 
global hemodynamics induced by halothane after 
versus before CPB to better characterize the effects of 
asanguineous CPB with cardioplegia on the cardio- 
vascular effects of halothane. We did not analyze 
individual differences in raw data between halothane 
levels, but rather performed a separate, independent 
comparison between the 0% halothane (fentany]- 
midazolam) data before and after CPB. Thus, our 
analysis specifically examined the data to detect an 
exaggerated dose response to halothane after CPB. 
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The effect of CPB in absolute terms is illustrated by 
comparing the pre- and post-CPB fentanyl-midazo- 
lam 0% halothane results. 

In conclusion, the effects of asanguineous moder- 
ate hypothermic CPB with repeated cardioplegia on 
the cardiovascular actions of halothane have been 
investigated in the present study. Pre- and post-CPB 
halothane dose-response curves were found to be 
identical for most of the investigated cardiovascular 
variables. Only cardiac output and stroke volume 
showed slightly more pronounced post- versus pre- 
CPB decreases at increasing halothane concentra- 
tions, and SVR reacted differently before and after 
CPB. Left ventricular cardiodepressive actions of 
halothane, therefore, are relatively unaffected by CPB 
with cardioplegia in a normal heart. 
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Comparison of Nalbuphine and Fentanyl Anesthesia for 
Coronary Artery Bypass Surgery 


Hemodynamics, Hormonal Response, and Postoperative 


Respiratory Depression 


Branko M. Weiss, MD, Edith R. Schmid, Mp, and Ruth I. Gattiker, MD 
Institute of Anesthesiology, Division of Cardiovascular Anesthesia, University Hospital Zurich, Zurich, Switzerland 


To determine whether nalbuphine might replace fen- 
tanyl as the principal opioid for anesthesia during 
coronary artery bypass surgery, 20 patients undergo- 
ing myocardial reva tion were anesthetized 
with flunitrazepam and with a continuous infusion of 
either nalbuphine {an opioid agonist-antagonist) or 
fentanyl (a pure opioid agonist) in equipotent dosage 
ratio of 333:1. During endotracheal intubation, all 
patients given nalbuphine, but only one given fen- 
tanyl (P < 0.05), required nitroglycerin to control 
arterial blood pressure. Two minutes after tracheal 
intubation, plasma values of epinephrine, norepi- 
nephrine, vasopressin, and cortisol did not change in 
the fentanyl group compared with the awake (base- 
line) levels, whereas catecholamines and vasopressin 

significantly increased with nalbuphine compared 
with the baseline and with the values in the fentanyl 
group. A steady state of anesthesia (30 min after 
intubation), when compared with the baseline, was 
characterized by unchanged systemic and pulmonary 
blood pressures and increased systemic vascular re- 
sistance with nalbuphine, by decreased systemic and 
pulmonary pressures and resistances with fentanyl, 
and by comparably decreased cardiac index with both 
opioids. Hormone values returned to baseline levels 
but norepinephrine remained significantly higher in 


tice as an opioid agonist-antagonist with sed- 
ative and analgesic properties and a ceiling 
effect for respiratory depression (1-4). Although its 
use in patients with coronary or valvular heart dis- 
ease was associated with stable hemodynamic func- 


Niece was introduced into clinical prac- 
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the nalbuphine than in the fentanyl group. A bolus 
injection of either nalbuphine (2.5 mg/kg) or fentanyl 
(7.5 ug/kg) given during the steady-state period of 
anesthesia provoked only minimal hemodynamic 
changes. Before skin incision, 7 of 10 patients receiv- 
ing nalbuphine required nitroglycerin to control arte- 
rial blood pressure. After sternotomy, both groups 
required nitroglycerin, but additional antihyperten- 
sive drugs were necessary mainly in the nalbuphine 
group. All hormone concentrations significantly in- 
creased in patients given nalbuphine, as compared 
with the baseline and anesthesia steady-state levels; 
whereas they did not exceed the baseline values in 
the fentanyl group before cardiopulmonary bypass. 
The median time periods required for tracheal extu- 
bation were 169 and 555 min (P < 0.05) after nalbu- 
phine (average intraoperative dose, 18.9 + 3.1 mg/kg) 
and To (51.7 + 10.0 mg/kg), respectively. Post- 
operatively, ane of 10 patients given nalbuphine com- 
plained o Sian tek or unpleasant dreams during 
or after the procedure. Despite the advantage of early 
tracheal extubation, the authors conclude that fluni- 
trazepam-nalbuphine cannot be recommended for 
anesthesia in patients undergoing coronary artery 
surgery. 

(Anesth Analg 1991;73:521-9) 


tion, nalbuphine alone produces inadequate surgical 
anesthesia (5). The analgesic activity of nalbuphine 
and its potency as an anesthetic supplement has, 
however, been said to be limited (4,6-10) and self- 
reversed with high doses (11,12). On the other hand, 
nalbuphine may be a valuable adjunct to inhaled 
anesthetics (13) by maintaining hemodynamic stabil- 
ity during cardiac surgical procedures (14), prolong- 
ing postoperative analgesia (10,13,14), and enabling 
early tracheal extubation (13,14). 

The purpose of the present study was to determine 
whether nalbuphine, combined with a potent benzo- 
diazepine, might replace fentanyl as the principal 
opioid used for anesthesia during coronary artery 
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bypass surgery. The possibility that the ceiling effect 
for respiratory depression might result in a shorter 
period of postoperative controlled ventilation and 
earlier tracheal extubation was particularly intrigu- 
ing. The dosage ratio of nalbuphine to fentanyl of 
333:1, when administered by continuous infusion, 
was extrapolated from the ratio of morphine to nal- 
buphine of 1:1 (2-4) and from the highest morphine- 
to-fentanyl dosage ratio previously reported (15,16) 
and then verified in three pilot cases. Flunitrazepam, 
in a dose larger than that previously used in combi- 
nation with fentanyl for anesthesia in patients having 
myocardial revascularization (17,18), was chosen to 
assure smooth anesthetic induction, adequate seda- 
tion, and reliable amnesia for the procedure with 
both opioids. No inhaled anesthetics were used. The 
study thus enabled the comparison of nalbuphine 
and fentanyl with regard to their effects on hemody- 
namic function and hormonal responses during the 
procedure and on analgesia and respiratory depres- 
sion after the procedure. 


Methods 


After institutional approval was obtained, 20 patients 
scheduled for coronary artery bypass surgery were 
prospectively randomized to receive either nalbu- 
phine or fentanyl. Informed consent was obtained 
from each patient during the preoperative visit. Pa- 
tients with stenosis of the left main coronary artery, 
myocardial infarction within 3 mo before surgery, or 
valvular heart disease were not included in the study. 
Usual preoperative medications and 2 mg of oral 
flunitrazepam were given in the morning, 2-3 h and 
30-90 min, respectively, before instrumentation. 
After arrival of the patient in the operating room, 
leads H and. V, electrocardiogram electrodes were 
attached. Peripheral venous, radial arterial, and pul- 
monary arterial (VIP 93A-831, Edwards) catheters as 
well as a separate central venous catheter (for opioid 
infusion only) were introduced under local anesthe- 
sia. Electrocardiogram and all pressures were moni- 
tored continuously on an oscilloscope and recorded 
on a multichannel recorder. Hemodynamic measure- 
ments included heart rate (HR), mean arterial pres- 
sure (MAP), mean pulmonary artery pressure, mean 
pulmonary capillary wedge pressure, central venous 
pressure, and cardiac output. Cardiac output was 
measured by thermodilution (9520-A, Edwards), by 
injection of 10 mL of ice-cool saline solution into the 
central venous port randomly distributed within the 
respiratory cycle, and calculated as the mean of three 
to five determinations. - Analyses of arterial blood 
gases (940, AVL), mixed venous oxygen saturation, 
and hemoglobin, concentration (OSM2, Radiometer) 
accompanied each hemodynamic measurement. He- 
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moglobin binding capacity was taken as 1.34 mL O,/g 
hemoglobin. Cardiac index (CI), systemic (SVR) and 
pulmonary vascular resistances, and oxygen delivery 
and consumption indices were calculated using stan- 
dard formulas. Blood for the hormonal assays, drawn 
initially from a peripheral vein and later from the 
pulmonary artery, was immediately transferred in an 
ice-bath to the reference laboratory. Plasma levels of 
epinephrine and norepinephrine were determined by 
a radioenzymatic method (19) with a sensitivity of 
15 pg/mL for both catecholamines. Vasopressin and 
cortisol levels were measured by radioimmunoassay 
commercial kits with a sensitivity of 0.9 pmol/L 
(Buehlman) and 50 nmol/L (New England Nuclear), 
respectively. | 

After blood withdrawal in the awake patients for 
baseline measurements of plasma hormone levels, 
infusion of 7 mL/kg of lactated Ringer’s solution, and 
measurement of baseline hemodynamic function, an- 
esthesia was started with a continuous infusion of 
either opioid delivered by a calibrated infusion pump 
(Table 1). Manual ventilation via a mask (Fio,, 1.0) 
replaced spontaneous breathing as soon as verbal 
commands were no longer responded to and/or res- 
piratory rate decreased. After 10-15 min of opioid 
infusion, flunitrazepam (20 ug/kg) and pancuronium 
(100 g/kg) were given intravenously and the trachea 
was intubated after topical anesthesia of the upper 
airways. Mean arterial blood pressure increases of 
more than 20% above baseline levels were treated 
with an intravenous nitroglycerin bolus of 100- 
200 ug. Controlled ventilation (900B, Siemens) was 
instituted at a rate of 12 strokes/min using an Fro, of 
0.5 in air and zero end-expiratory pressure. End- 
expiratory CO, was adjusted to 4.5-5.5 vol% and 
arterial CO, tension was kept at 4.5-5.5 kPa (kPa x 
7.502 = mm Hg) throughout the procedure. Blood 
samples for hormonal assays were taken 2 min after 
tracheal intubation. At that time the rate of opioid 
infusion was halved. An anesthesia steady state was 
assumed to be present 30 min after intubation, when 
hemodynamic and hormonal measurements were 
repeated. Thereafter a bolus of nalbuphine 
(2.5 mg/kg) or fentanyl (7.5 ug/kg) was rapidly ad- 
ministered intravenously, followed by measurements 
of the hemodynamic function after a delay of 1, 5, 
and 10 min. Before skin incision, the opioid infusion 
rate was increased to the induction rate and 7.5 ug/kg 
of flunitrazepam was given. Increases in MAP after 
skin incision were treated with nitroglycerin and, if 
necessary, with additional antihypertensive drugs. 
Hemodynamic and hormonal measurements were 
repeated 2 min and, if cardiopulmonary bypass (CPB) 
was not yet instituted, 30 min after sternotomy. At 
that time the opioid infusion was again halved and 
stopped on initiation of CPB. At the beginning of 
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Nalbuphine Fentanyl 
(mg:kg~!-min~?) (ug-kg™-min™) 
Baseline Hemodynamics 
Hormones 
Induction 0.1 0.3 
Intubation + 2 min | | Hormones 
0.05 0.15 
Intubation + 30 min Hemodynamics 
(Anesthesia steady state) Hormones 
Bolus injection 2.5 TALK meer <——— 7.5 ugikg 
+ 1, 5, 10 min Hemodynamics 
0.1 0.3 
Sternotomy + 2 min | | Hemodynamics 
Hormones 
0.05 0.15 
Sternotomy + 30 min Hemodynamics 
Hormones 
Cardiopulmonary bypass 
Rewarming 0.025 0.075 
| | Hemodynamics 
End of procedure Hormones 


Each patient received 35 g/kg of ntravencus flunitrazepam i.e., 7.5 ug/kg for instrumentation, 20 ug/kg for induction, and 7.5 g/kg before skin incision. 


rewarming the opioid infusion was restarted at one- 
fourth of the induction rate. All measurements were 
repeated after closure of the sternum; the opioid 
infusion was stopped at the end of the surgical 
procedure. Postoperatively, no sedatives were given. 
Pain was controlled with nicomorphine (0.5 mg/ 
10 kg) upon request by the patient. Nitroglycerin 
(continuous infusion) was used to keep MAP less 
than 90 mm Hg, with other antihypertensive drugs 
added as necessary. As soon as the core temperature 
reached 36°C, attempts to wean the patients from the 
ventilator were initiated. Cooperation of the patient, 
adequate spontaneous ventilation, stable hemody- 
namics, and absence of significant blood loss were 
the criteria for extubation of the trachea. All patients 
were interviewed 24 h after extubation and asked to 
assess the quality of anesthesia and postoperative 
analgesia. 

Results were summarized separately for each 
group and expressed as the mean + standard devia- 
tion (sp). Because of the asymmetric distribution of 
the individual values of hormone plasma concentra- 
tions, nitroglycerin and nicomorphine requirements, 
and postoperative time periods, the median (25th- 
75th percentile) values have been considered more 
appropriate to express them correctly. Comparison of 
data between the two groups and within each group 
was analyzed by paired comparison with the 
Wilcoxon rank two-sample test and the Wilcoxon 
rank one-sample test, respectively. Fisher’s exact 
probability test was applied to analyze the difference 


between the number of patients within each group 
and between the two groups. Statistical significance 
was defined at P < 0.05. 


Results 


Patients’ characteristics and the intraoperative time- 
course were comparable in both groups (Table 2). The 


Table 2. Patients’ Characteristics and Intraoperative 
Time-Course 


Nalbuphine Fentanyl 

Females/males 2/8 2/8 
Age (yr)? 57.1+69 52.7 7.4 
Weight (kg) 70.2+ 8.1 70.0 + 10.4 
Surface area (m?) 1.79+0.1 1.78 + 0.16 
Ejection fraction (%)* 61 + 12 61 + 10 
Previous myocardial infarction 8 5 
History of arterial hypertension 5 5 
Preoperative medication 9 10 

B-Blocking agents 8 8 

Calcium-channel antagonists 7 9 

Nitrates 8 8 
Time periods (min)* 

Induction-intubation 18 +2 17+1 

Induction-anesthesia steady state 55 +9 5649 

Cardiopulmonary bypass 94 + 41 87 + 35 

Operation 220 + 72 195 + 37 

Anesthesia ` 351 + 67 337 + 54 
Coronary anastomoses” 4+2 4+1 

* Mean + sp. 
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baseline hemodynamic variables summarized in Ta- 
ble 3 were not different between the two groups 
except for a smaller cardiac index in the patients 
randomized to receive fentanyl. 

The continuous infusion of either opioid produced 
sedation in all patients. In one patient given nalbu- 
phine, heart rate decreased from 48 to 30 beats/min 
and then stabilized at a rate of 38-44 beats/min 
without intervention. After flunitrazepam and pan- 
curonium administration and ventilation via a mask, 
a stable anesthetic state was achieved in all patients. 
During and after tracheal intubation, however, all 
patients given nalbuphine (and one patient given 
fentanyl} required nitroglycerin to control MAP 
(Table 4). During the steady state of anesthesia, 
systemic and pulmonary pressures as well as CI were 
significantly below baseline levels in patients anes- 
thetized with fentanyl (at the cumulative dose of 
11.8 + 1.8 wg/kg), whereas in those anesthetized with 
nalbuphine (4.5 + 0.9 mg/kg) pulmonary capillary 
wedge pressure and CI decreased as well, but sys- 
temic and pulmonary pressures remained un- 
changed, so that the calculated resistances increased 
slightly but significantly (Table 3). Calculated as per- 
centual changes (Figure 1), CI during anesthesia 
steady state decreased below and pulmonary vascu- 
lar resistance increased above baseline values with 
both opioids. Thus, the lower systemic and pulmo- 
nary artery pressures with fentanyl (and no change 
with nalbuphine), and the small but significant 
change in SVR in the opposite direction, dominated 
the hemodynamic differences between the two opi- 
oids during steady state of anesthesia. A bolus injec- 
tion of 7.5 ug/kg of fentanyl and 2.5 mg/kg of nalbu- 
phine, respectively, within anesthesia steady state 
produced only minimal additional hemodynamic 
changes after 1, 5, and 10 min: SVR decreased by 
8%-10% with fentanyl and remained either un- 
changed or increased by 6% with nalbuphine (Table 
3, Figure 1). However, in five patients of the nalbu- 
phine group who had a preoperative history of arte- 
rial hypertension, SVR was significantly higher (P < 
0.05) during the steady state of anesthesia (1727 + 
125 dyne-s-cm~°) and 10 min after bolus injection 
(1906 + 163 dyne-s-cm~”) as compared with the SVR 
of another five patients without a history of hyper- 
tension (1556 + 82 and 1578 + 76 dyne-s-cm™”, 
respectively). After completion of the presurgical 
hemodynamic measurements, seven of ten patients 
given nalbuphine required nitroglycerin to control 
MAP before skin incision (Table 4). 

After sternotomy (at a cumulative dose of 13.1 + 
2.2 mg/kg of nalbuphine or 39.5 + 8.5 pg/kg of 
fentanyl), nitroglycerin was necessary in both 
groups. Additional drugs to control HR and MAP 
were required more frequently in the nalbuphine 
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than in the fentanyl group (Table 4). Within the 
fentanyl group, patients with a preoperative history 
of arterial hypertension required significantly more 
nitroglycerin in the pre-CPB period than patients 
without a history of hypertension (2500 [550-3175] 
vs 0 [0-675] ug, P < 0.05). No such influence could be 
noticed in the nalbuphine group. Two and thirty 
minutes after sternotomy, MAP was kept near base- 
line levels in all but one patient in the nalbuphine 
group, in whom an increase in MAP up to 
110 mm Hg was accompanied with a tachycardia of 
120 beats/min and transient ST segment depression. 
Compared with the values during anesthesia steady 
state, HR, CI, and oxygen delivery and consumption 
significantly increased in the nalbuphine group, ac- 
companied by decreased vascular resistances. The 
same comparison revealed that in the fentanyl group 
the hemodynamic function was characterized by in- 
creased vascular resistances and unchanged HR, CI, 
and oxygen delivery and consumption (Table 3, Fig- 
ure 1). All patients were weaned from CPB without 
pacemaker stimulation or inotropic support. After 
CPB, nitroglycerin requirements did not differ be- 
tween the two groups (Table 4). At the end of the 
procedure, at the time when filling pressures were 
comparable, CI was maintained in both groups by HR 
(negative ratio of stroke volume index to HR) and not 
by stroke volume as was found before and during the 
procedure (Figure 1). 

Plasma levels of epinephrine, norepinephrine, 
vasopressin, and cortisol (Figures 2-5) remained 
within baseline values after tracheal intubation and 
sternotomy in the fentanyl group, whereas they 
increased after tracheal intubation and significantly 
exceeded the baseline levels after sternotomy in the 
nalbuphine group. At the end of the procedure, 
however, plasma catecholamines, vasopressin, and 
cortisol levels were significantly higher than the base- 
line and anesthesia steady-state levels in both 
groups. Vasopressin plasma concentrations (Figure 4) 
were not different between the two groups, but 
higher epinephrine (Figure 2) and cortisol (Figure 5) 
levels with nalbuphine than with fentanyl were seen 
at the end of surgery. There was no difference 
throughout the procedure in the hormonal responses 
between the patients with and without a history of 
arterial hypertension. At the end of the surgical 
procedure, norepinephrine plasma levels (Figure 3) 
were significantly higher (P < 0.05) in patients with 
than in those without a history of arterial hyperten- 
sion with both opioids (nalbuphine: 2226 [2162-2289] 
vs 1103 [1056-1150] pg/mL; fentanyl: 840 [700-983] vs 
550 [546-564] pg/mL, respectively). 

The total intraoperative dose of nalbuphine aver- 
aged 18.9 + 3.1 mg/kg, that of fentanyl 51.7 + 
10.0 pg/kg, and that of flunitrazepam 35 pg/kg. 
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Table 4. Antihypertensive Drug Interventions 


Nalbuphine Fentanyl 
Nitroglycerin 
Total (yg)* 4425 938° 
(1563-8438) (125-3238) 
Between skin incision and 2550 550 
CPB (ugi (856-4389) (0-2625) 
No. of patients/periods 
Intubation 10 r 
Before skin incision 7 0° 
Between skin incision and CPB 10 7 
After CPB 9 8 
Additional drugs” 
No. of patients 8 = 
CPB, cardiopulmonary bypass. 
“Median (25th-75th). 
èP < 0.05. 


“Between skin incision and CPB: phentolamine (fentanyl group); phen- 
tolamine combined with verapamil, propranolol, or clonidine (nalbuphine 
group}. 


Postoperatively (Table 5), nine of ten patients anes- 
thetized with nalbuphine could be tracheally extu- 
bated within 4 h or less. The time required for 
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Figure 1. Mean percent hemodynamic changes compared with 
anesthesia steady state (= 0%) in the nalbuphine (open bar) and 
fentanyl (stippled bar) groups. MAP, mean arterial pressure; MPAP, 
mean pulmonary artery pressure; CI, cardiac index; SVI/HR,-.stroke 
volume index/heart rate ratio; SVR, systemic vascular resistance; 
PVR, pulmonary vascular resistance. *P < 0.05, nalbuphine vs 
fentanyl. 
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Figure 2. Plasma concentrations of epinephrine in the nalbuphine 
(open bar) and fentanyl (stippled bar) group (box plots: median, 
25th-75th). *P < 0.05, nalbuphine vs fentanyl. "P < 0.05, vs 
baseline. *P < 0.05, vs anesthesia steady state. Solid lines, median 
values in patients with preoperative history of arterial hyperten- 
gion within each group; broken lines; median values in patients 
without preoperative history of arterial hypertension within each 
group. , 


respirator weaning and tracheal extubation was sig- 
nificantly longer in the fentanyl than in the nalbu- 
phine group. The cumulative nicomorphine dose 
required within the first 12 h was not different be- 
tween the two groups. One patient who received 
nalbuphine became very restless immediately upon 
entering the intensive care unit and required 40 mg of 
intravenous nicomorphine to control pain during the 
first 2 h. The patients in the nalbuphine group 
required more antihypertensive drugs to control 
MAP postoperatively than those in the fentanyl 
group. l 
When interviewed 24 h after tracheal extubation, 
all patients in the fentanyl and five of ten patients in 
the nalbuphine group reported complete satisfaction 
and that they had been amnestic for the whole 
procedure. Three patients given nalbuphine had 
been awake and experienced painful events during 
the surgical procedure before CPB; one of them 
admitted to be accustomed to regular alcohol con- 
sumption. Another patient complained of unpleasant 
and painful dreams after the procedure. The patient 
given nalbuphine, who was restless immediately 
after the operation, showed an increase of creatine- 
kinase (CK) plasma levels, from 153 U/L preopera- 
tively to 3567 U/L postoperatively. The plasma levels 
of myocardial CK (CK-MB) and serum glutamic oxa- 
loacetic transaminase and serum glutamic pyruvic 
transaminase increased from 9, 17, and 10 U/L to 96, 
105, and 17 U/L, respectively. The enzyme levels 
peaked on the second postoperative day (CK, 6108; 
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Figure 3. Plasma concentrations of norepinephrine in the nalbu- 
phine (open bars) and fentanyl (stippled bars) group (box plots: 
median, 25th-75th). *P < 0.05, nalbuphine vs fentanyl. *P < 0.05, 
vs baseline. *P < 0.05, vs anesthesia steady state. Solid lines, 
median values in patients with, preoperative history of arterial 
hypertension within each group; broken lines, median values in 
patients without preoperative history of arterial hypertension 
within each group. 


CK-MB, 312; serum glutamic oxaloacetic transami- 
nase, 221), accompanied by a mild myoglobinemia 
(5.6 nmol/L; normal, 0-3.7). All values returned to 
normal on the fifth day. All patients studied recov- 
ered uneventfully, without electrocardiographic and 
enzymatic evidence of myocardial infarction, and 
were discharged from the hospital without delay. 


Discussion 


In this study of two similar groups of patients under- 
going myocardial revascularization, nalbuphine, 
compared with fentanyl anesthesia in the equipotent 
dosage ratio of 333: 1 and combined with fluni- 
trazepam, showed insufficient potency to control 
cardiovascular and hormonal responses to endotra- 
cheal intubation and surgical stimulation. The period 
of postoperative controlled ventilation was signifi- 
cantly shorter in patients receiving nalbuphine than 
in those given fentanyl. However, five of ten patients 
were not satisfied by nalbuphine anesthesia after the 
procedure. 

The dose-response relationship of the opioid ago- 
nist-antagonist nalbuphine and pure opioid agonists 
is considered td be nonlinear and to disappear with 
increasing doses (3,4,7-9,11,12). Lower doses of nal- 
buphine and fentanyl, in a wide and arbitrary ratio of 
60-239:1 (8,10,20), as well as higher doses of nalbu- 
phine (14), comparable to our study, have been 
previously studied and more or less successfully 
combined with inhaled anesthetics and other drugs. 
In our study, nalbuphine and fentanyl infusions were 
supplemented with flunitrazepam, a benzodiazepine 
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Figure 4. Plasma concentrations of vasopressin in the nalbuphine 
(open bar) and fentanyl (stippled bar) group (box we median, 
25th-75th). *P < 0.05, nalbuphine vs fentanyl. "P < 0.05, vs 
baseline. *P < 0.05, vs anesthesia steady state. Solid lines, median 
values in patients with preoperative history of arterial hyperten- 
sion within each group; broken lines, median values in patients 
without preoperative history of arterial hypertension within each 


group. 


with potent sedative and vasodilating properties 
(17,18). As supplements to opioid anesthesia, the 
benzodiazepines contribute to the sedation and he- 
modynamic and hormonal stability of patients under- 
going coronary artery bypass surgery (14,16-18,21- 
29). Given in equal doses to all of our patients, 
flunitrazepam, in contrast to its combination with 
fentanyl, failed to improve the potency of nalbu- 
phine. So, higher doses of flunitrazepam or the 
addition of an inhaled anesthetic, as previously re- 
ported (10,13,14,20), might have been required to 
improve the potency of nalbuphine in our patients. 
On the other hand, even higher doses of nalbuphine, 
as we believe, would not improve the potency’ or 
overall assessment of flunitrazepam-nalbuphine an- 
esthesia. With increasing dose of nalbuphine, given 
as a continuous infusion for postoperative pain re- 
lease, an analgesic ceiling effect has been previously 
described. A further dose increase then led to a 
predominating antagonist property that reversed the 
analgesic effect of nalbuphine (11,12). 

Nalbuphine failed to suppress the increase of MAP 
(nitroglycerin required in all patients) and hormonal 
response to tracheal intubation. The hemodynamic 
function was characterized during anesthesia steady 
state by a comparable and slight decrease of filling 
pressures and a comparable decrease of CI with 
fentanyl (30%) and nalbuphine (25%) as compared 
with the baseline levels. However, in contrast to the 
additive effect of benzodiazepine and fentanyl (16- 
18,21,26), nalbuphine counteracted the vasodilation, 
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Figure 5. Plasma concentrations of cortisol in the nalbuphine {open 
bar) and fentanyl (stippled bar) group (box plots: median, 25th- 
75th}. *P < 0.05, nalbuphine vs fentanyl. *P < 0.05, vs baseline. 
*P < 0.05, vs anesthesia steady state. Solid lines, median values in 
patients with preoperative history of arterial hypertension within 
each group; broken lines, median values in patients without pre- 
Operative history of arterial hypertension within each group. 


maintaining unchanged arterial and pulmonary ar- 
tery blood pressures. The rapid bolus injection of 
each opioid during the steady state of anesthesia 
produced minimal hemodynamic effect only within 
the first 5 min in our patients. Increased SVR 10 min 
after bolus injection of nalbuphine in patients with a 
preoperative history of arterial hypertension and ni- 
troglycerin requirements before skin incision in most 
patients given nalbuphine may indicate the slight but 
significant potential of the opioid agonist-antagonist 
nalbuphine to provoke circulatory stimulation. 

Despite normal MAP in all patients preoperatively, 
five patients with a history of arterial hypertension 
who were given fentanyl required significantly larger 
amounts of antihypertensive drugs than the five 
other patients in the fentanyl group. In patients 
receiving nalbuphine, antihypertensive drug require- 
ments were larger than in the fentanyl group and 
were not influenced by the history of preoperative 
hypertension. 


Table 5. Postoperative Period 
a a cage Oe 


Nalbuphine Fentanyl 
Spontaneous ventilation (min) 127 515° 
(88-202) (435-807) 
Extubation (min)* 169 555° 
(154-250) (480-896) 
Nicomorphine (mg/12 h) 16.0 6.5 
(8.8-28.3) (O-16.5) 
No. of patients 
Shivering 2 6 
Requiring nitroglycerin 9 8 
Requiring nifedipine 4 4 
Requiring additional drugs 7 r 


i to a, 
“Median (25th-75th). 
bP < 0.05, 
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The hormonal responses during anesthesia before 
incision and after sternotomy were clearly dependent 
on the choice of the opioid and not influenced by the 
history of hypertension. In our patients, fluni- 
trazepam-fentanyl, similar to other potent anesthetic 
techniques (14,16,22,23,25,29) and in contrast to 
flunitrazepam-nalbuphine, suppressed the catechol- 
amines, vasopressin, and cortisol increases after 
sternotomy. However, we cannot exclude that nitro- 
glycerin (30), phentolamine (31), or other antihyper- 
tensive drugs might have contributed to the hor- 
monal differences between the two groups in the 
pre-CPB period. On the other side, hormonal reac- 
tions during and after CPB (16,22-25) smoothed the 
difference between nalbuphine and fentanyl anesthe- 
sia at the end of the procedure. 

In the postoperative period, the time required for 
tracheal extubation in our patients receiving fentanyl- 
flunitrazepam (10 h) is comparable to the extubation 
time after several other anesthetic techniques used in 
patients for coronary artery bypass surgery 
(14,16,24,25,27,28). The combination of nalbuphine 
and flunitrazepam, however, enabled very early tra- 
cheal extubation in our patients (less than 3 h) but did 
not provide adequate postoperative analgesia. The 
postoperative restlessness in one nalbuphine-treated 
patient was probably provoked by sudden awaken- 
ing with intense pain, as a high nicomorphine dose 
calmed the patient and assured sufficient amnesia 
24 h later. The short-lasting muscular activity even- 
tually induced enzymatic release and mild myoglo- 
binemia, which returned to normal several days later. 

In conclusion, as previously pointed out (4-9) and 
reconfirmed by our study, the complex pharmacody- 
namics make nalbuphine unreliable in supplement- 
ing surgical anesthesia. Nalbuphine lacks the prop- 
erty to attenuate cardiovascular and hormonal 
responses to anesthetic and particularly surgical pro- 
cedures. The advantage of very early postoperative 
extubation was negated by the poor subjective assess- 
ment in half of our patients. Based on this study, 
flunitrazepam-nalbuphine cannot be recommended 
for anesthesia for patients undergoing coronary ar- 
tery bypass operations. 
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Oxygen Uptake and Mixed Venous Oxygen 
Saturation During Aortic Surgery and the First Three 


Postoperative Hours 


Jean P. Viale, MD, Guy J. Annat, MD, François M. Ravat, MD, Christian M. Pommier, MD, 
Jean R. Brudon, MD, Claude J. Desuzinges, MD, Olivier M. Bertrand, PhD, 


and Jean P. Motin, MD 


Departement d’Anegthésie-Réanimation, Hospices Civils de Lyon, Hôpital Edouard Herriot, Lyon, France 


This study was designed to determine the signifi- 
cance of changes in mixed venous oxygen saturation 
(SVo.) associated with aortic surgery. In 12 patients 
undergoing aortic aneurysm repair, SVo, was moni- 
tored using a fiberoptic pulmonary arterial catheter, 
and ove uptake (Vo.) was measured at 2-min 

intervals by a mass-spectrometer'system. Excluding 
the phase of aortic clamping, Voz, hemoglobin, and 
arterial oxygen saturation were moderately stable 
during anesthesia, ‘and changes in S¥o, were corre- 
lated with changes in cardiac output (CO). Svo, 
remained stable during infrarenal aortic clamping, 
but increased during supraceliac aortic clamping. 


“the recent development of reliable fiberoptic 
reflectance oximetry systems allows continuous 
monitoring of mixed venous oxygen saturation 

(S¥o2) in critically ill patients (1). However, the clin- 
ical usefulness of SVo, remains unclear. The main 
concern with SV¥o, is that its value is related to four 
physiologic variables: directly to hemoglobin concen- 
tration, cardiac output (CO), and arterial blood oxy- 
gen saturation (Spo), and inversely to whole body 
oxygen consumption (Vo,). Therefore, in the usual 
clinical setting, changes in Svo, prompt the assess- 
ment of each of these four variables. . 

When monitoring Svo, during abdominal aortic 
surgery, three periods of time are of special interest. 
The first is maintenance anesthesia excluding aortic 
cross-clamping. Voz, Spo, and hemoglobin concen- 
trations probably remain within a narrow range; 
therefore, changes in SVo, should be mainly due to 
changes i in CO. The second period of interest is that 
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During the first three postoperative hours, changes in 
OVO, were opposite to changes in Vo, and CO. They 
were especially marked in the patients whose pre- 
operative left ventricular ejection fraction was less 
than 50%. We conclude that Svo, changes are an 
indicator of same-direction changes in CO during 
general anesthesia except during periods of aortic 
clamping. The interpretation of SVo, changes is more 
complex during aortic clamping and during the im- 
mediate postoperative period, two critical periods 
during which simultaneous changes in Vo, and CO 
occur. 

(Anesth Analg 1991;73:530-5) 


of cross-clamping of the aorta, which may affect the 
value of Svo, owing to changes in CO, organ perfu- 
sion, and oxygen consumption. The third period of 
interest is the immediate postoperative period during 
which an increase in oxygen demand occurs. 

In this study, we measured Svo, and the four 
variables it depends on (Vo, CO, Spo,, and hemo- 
globin) in the course of abdominal aortic surgery. Our 
main objectives were: (a) to evaluate the relationship 
between Svo, and CO during the period of general 
anesthesia excluding aortic cross-clamping, (b) to 
examine SVo, changes associated with aortic cross- 
clamping at two levels (infrarenal aortic clamping and 
supraceliac aortic clamping), and (c) to examine, in 
the immediate postoperative period, the evolution of 
Svo», Voz, and CO in patients who differed by their 
myocardial status assessed preoperatively by dipyr- 
idamol thallium and technetium pyrophosphate im- 


aging. 


Methods 


Approval by the ethics committee of our institution 
and informed consent were obtained to study 12 
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patients scheduled for abdominal aortic aneurysm 
repair. The aortic cross-clamping was applied infra- 
renally in six patients and proximally to the celiac 
artery in the others. In patients 2 and 4, treatment of 
a renal artery stenosis was associated with abdominal 
aortic aneurysm. Within 7 days before surgery, each 
patient underwent dipyridamole thallium imaging, 
according to a previously described method (2). Left 
ventricular ejection fraction was measured by techne- 
tium pyrophosphate imaging. The limit between nor- 
mal and abnormal ejection fraction was arbitrarily 
defined as the value of 50%. 

Preanesthetic medication consisted of oral hydroxy- 
zine (1.5 mg/kg body wt). Anesthesia was induced 
with intravenous etomidate (0.3 mg/kg), fentanyl 
(5 ug/kg), and atracurium (0.5 mg/kg). After tracheal 
intubation, anesthesia was maintained with nitrous 
oxide, 0.5%-0.6% end-tidal isoflurane, and continu- 
ous infusion of fentanyl (7-8 yg-kg™'-h~*). During 
the same time, atracurium was continuously infused 
(0.5 mg-kg~*-h~*) and the lungs of patients were 
mechanically ventilated. Arterial blood pressure was 
maintained within 20% of the preoperative value and 
pulmonary capillary wedge pressure between 10 and 
15 mm Hg. This was achieved by administration of 
fluids intravenously (blood or colloid) when arterial 
blood pressure decreased or by the injection of fen- 
tanyl (2 yug/kg) when arterial blood pressure in- 
creased. During aortic cross-clamping this goal was 
achieved by increasing end-tidal isoflurane. In the 
two patients having supraceliac cross-clamping, ni- 
troprusside was used. An autotransfusion system 
(Celi Saver 4; Haemonetics, Braintree, Mass.) was 
used to reduce the number of blood products re- 
quired. 

During the first three postoperative hours, the 
patients received the same care including administra- 
tion of a single dose of morphine (100 ug/kg subcu- 
taneously at the beginning of the recovery period), 
continuous monitoring, and mechanical ventilation 
on the assist-control mode. The occurrence of shiver- 
ing was assessed every 5 min as the presence of 
muscular fasciculation in the masseter muscle or 
continuous or violent tremor. After this 3-h period, 
the patients were transferred to the Intensive Care 
Unit for continuation of, or weaning from, artificial 
ventilation. 

Oxygen consumption was measured at 2-min in- 
tervals during the following periods: (a) the 20 min 
preceding anesthesia, using a face mask and a Laer- 
dal valve for separation of inspired and expired flow, 
(b) the anesthetic period, and (c) the first three 
postoperative hours. Spo, and S¥o, were continu- 
ously monitored during the same periods. Cardiac 
output was measured every 15 min throughout the 
study time. In addition, measurements of CO were 
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performed whenever a therapeutic intervention was 
required to maintain arterial blood pressure within 
normal limits. Hemoglobin was assessed serially, and 
arterial blood lactate concentrations were determined 
2 min before and after declamping, at the end of 
surgery, and finally 90 and 180 min later. 

Pulse oximetry was used to measure Spo,. Core 
temperature, SVO, averaged over 2-min periods, and 
CO were measured by a fiberoptic pulmonary arterial 
catheter (Oxymetrix, Abbott) inserted under local 
anesthetic infiltration before induction of anesthesia. 
The catheter was calibrated using a reflective stan- 
dard provided by the manufacturer. The accuracy of 
the system was assessed after insertion by comparing 
the Svo, value of a mixed venous sample (Instrumen- 
tation Laboratory Cooximeter) and the value was 
displayed by the Oximetrix system 1 min before 
sampling. The system was recalibrated if necessary. 
No further recalibration was done during the study 
time. End-expiration measurements of CO were 
made in triplicate and were averaged using injections 
of 10 mL of 5% dextrose in water. Oxygen consump- 
tion was measured using a mass spectrometer system 
designed to take into account the presence of anes- 
thetic gases (3,4). As the body nitrogen stores after 
step changes in the fraction of inspired nitrogen 
(FN) were in an unsteady state, the gas exchange 
data acquired during the 15 min after induction of 
anesthesia and after the withdrawal of nitrous oxide 
were discarded from analysis (5,6). Arterial blood 
lactate concentrations were determined by a spectro- 
photometric method (7). 

All data are expressed as mean + sE. Metabolic 
and hemodynamic variables were analyzed by anal- 
ysis of variance (Statgraphics SGS) for repeated mea- 
surements with Duncan’s multiple-range follow-up 
tests (8). Correlations between CO and the SVo, value 
observed immediately before each CO measurement 
were investigated by regression analysis using a 
regression formula that takes into account the phys- 
iologic relationship between CO and SVo,: 1/y = a + 
bx, where y is CO and x is SVo,. Calculated correla- 
tion coefficients were averaged after Fisher Z trans- 
formation (9). 

During the postoperative period, the relationship 
between changes in SVo, and in Vo, were analyzed. 
This was done by calculating Svo, percent change 
from normal according to the following formula: 


| SVO peak — SVO; init | 
| (Vo, peak — Vo, init)/Vo, init | ’ 


where the Svo, peak was the SVo, value coinciding 
with the maximal Vo, value (Vo, peak) measured 
during the postoperative period, and SVo, init and 
Vo, init were values measured at the beginning of 
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Table 1. Characteristics of Patients and Results of 
Preoperative Dipyridamole-Thallium and Technetium- 


Pyrophosphate Imaging 
Number 
Left of 
ventricular segments Number of 


ejection with segments 
Patient — Age fraction initial with 
No. (yr) (%) defect redistribution 

Supraceliac aortic 

cross-clamping 

1 60 56 0 0 

2 62 44 1 0 

3 61 57 3 0 

4 53 41 1 0 

5 55 49 1 1 

6 53 49 0 0 
Infrarenal aortic 

cross-clamping 

7 58 39 3 0 

8 65 54 5 3 

9 68 76 0 0 

10 56 56 4 1 

11 64 56 2 2 

12 65 40 2 1 


this period. Doing so, we obtained the change in Svo, 
for a twofold increase in Vo,. These normalized 
values of SVo, changes were calculated separately in 
the six patients whose preoperatively measured ejec- 
tion fractions were higher than 50% and in the six 
patients whose preoperative ejection fractions were 
lower than 50%. Comparison between these two 
groups was performed by applying Student’s t-test. 


Results 


Pertinent clinical data on the two groups of patients 
are given in Table 1. The time-course of changes in 
Voz SVO, core temperature, and CO is presented in 
Figure 1. Before anesthesia, all measured values were 
similar in both groups of patients. After induction of 
anesthesia, Vo, decreased on average by 28%. 

Throughout anesthesia, except for the period of aortic 
cross-clamping, Vo, remained fairly stable, as shown 
by the low value of its variation coefficient (sp/mean) 
calculated for each patient: 7.1% + 0.4%. There was 
also good stability of hemoglobin concentrations, 
with individual variation coefficients ranging from 
2.2% to 12.9% (mean 9.9% + 1.8%). Spo, remained 
above 96%. Core temperature was stable, between 
34.4 and 35.3°C. Contrasting with the relative stabil- 
ity of Voz, Spo2, and hemoglobin, large variations of 
CO were observed, especially after induction of an- 
esthesia, traction on the mesentery or bowel manip- 
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ulation (10), and transient episodes of hypovolemia. 
In patients 2 and 4 high values of CO were observed 
after the phase of renal artery repair. Figure 2 shows 
the fitted lines of correlation obtained in each patient 
during this period between CO and SVo,. At least 12 
simultaneous measurements of both variables were 
made for each patient. The mean individual correla- 
tion coefficient was 0.86 + 0.03 (range, 0.61-0.94). 

During supraceliac aortic cross-clamping (19 + 
3 min), the following significant changes were ob- 
served (by comparison with values measured imme- 
diately before clamping): a 28% + 3% decrease in CO, 
a 49% + 6% decrease in Vo,, and a 11% + 2% 
increase in Svo, (Figure 1). During infrarenal aortic 
cross-clamping (47 + 5 min), the only significant 
change was an 11% + 3% decrease in Voz. Declamp- 
ing led in both groups to an immediate and dramatic 
decrease in SVo,, lasting for only 4-6 min. There was 
also a transient increase in Vo, slightly above pre- 
clamping values, lasting for 2-6 min. Arterial blood 
lactate increased soon after declamping and remained 
at a supranormal level up to the end of anesthesia 
(Table 2). 

In the postoperative period, Vo, increased gradu- 
ally, reaching a maximum during the second hour, 
then returned progressively toward preoperative val- 
ues (Figure 1). The same pattern of evolution was 
observed for CO. The maximum individual increase 
in Vo, ranged from 74% to 296% of values measured 
at the beginning of this period. The largest increases 
in Vo, were observed in the nine patients (four in the 
infrarenal cross-clamping group and five in the other 
group) who presented clinical evidence of shivering. 
There was no significant change in blood lactate 
concentrations (Table 2). SVo, changed in a direction 
opposite to that of Vo, and CO. In each patient, the 
minimal value of Svo, coincided with the peak value 
of Voz. 

As shown in Figure 3, Svo, changes were more 
significant in the six patients with preoperatively 
measured left ventricular ejection fraction less than 
50% than in the six patients with ejection fraction 
greater than 50%. We found no relationship between 
postoperative Svo, changes and the existence of 
abnormalities on the preoperative thallium scan. 


Discussion 


The findings of this study show that the factors of 
variation of SVo, are clearly different during the three 
periods associated with abdominal aortic surgery that 
were considered. 

During the anesthetic period when the aorta was 
not clamped, changes in Svo, were related to changes 
in CO. These results are consistent with those ob- 
tained by Jamieson et al. during cardiac surgery (11), 
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500 


VO2 ml/min 


Figure 1. Changes in oxygen uptake 
(Vo), mixed venous oxygen saturation 
(Svo), core temperature (TEMPERA- 
TURE), and cardiac ee (CO) before 
(PRE), during (ANES ), and af- 
ter (POSTANESTHESIA) anesthesia for 
abdominal aortic aneurysm repair. Left 
panel: six patients having infrarenal aor- 
tic cross-clamping (CP); right panel: six 
patients having supraceliac aortic cross- 
clamping (CP). As the durations of an- 
esthesia and of aortic cross-clamping 
were different among patients, some 
values are not represented in the figure 
to synchronize individual recordings: 12 
from the 75th minute after induction of 
anesthesia to the 5th minu precedin 

aortic cross-clamping, during the mid- 
dle of the aortic cross-clamzing period 


lease of aortic cross-clamping to the end 
of anesthesia. 


& 


TEMPERATURE {C) 
S 
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but are in contrast with those of Shenag et al. who did 
not observe any significant correlation between CO 
and Svo, during the most critical periods of thoracic 
aortic surgery (12). An appropriate mathematical 
model is needed to correlate CO and SVo,. In our 
study, we chose a hyperbolic model. This model 
takes into account the physiologic relationship be- 


tween CO and SẸo,, which can be easily derived by 


rearranging the Fick equation. 

From a practical point of view, the good relation- 
ship found between CO and SVo, suggests that 
monitoring of CO could be achieved by monitoring of 
Svo,. However, some caution should be taken in the 
interpretation of our results. First, as shown in Figure 
2, one absolute value of SVo, found in a given patient 
does not allow for the deduction of one absolute 
value of CO. Second, the accuracy of changes in SVo, 
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as an indicator of changes in CO seems to depend on 
the value of SVo, (Figure 2). Below a value of less 
than approximately 75%, the accuracy is adequate as 
small changes in CO are associated with large 
changes in $Vo,. Above this value, the accuracy is 
poor as large changes in CO are required to induce 
significant changes in SVo,. 

During infrarenal aortic clamping, decreases in 
Vo, (—11%) and CO (not statistically significant) were 
modest. Although large differences in oxygen extrac- 
tion were likely to occur between normally. perfused 
and underperfused tissues, the stable value of Svo, 
we observed during this period suggests that whole 
body oxygen extraction was not significantly affected. 
During supraceliac aortic cross-clamping, decreases 
in Vo, and CO were more marked. The increase in 
Svo, may be explained by the fact that the reduction 
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Figure 2. Individual fitted lines of correlation between cardiac 
output (CO) and mixed venous oxygen saturation (SVo,) during 
the period of general anesthesia except for the period of aortic 
cross-clamping. For clarity, individual data points (12~25 for each 
patient) are not represented. Measured values of CO ranged from 
2.6 to 17.4 L/min. The variation coefficient of CO (sp/mean) during 
this period ranged among patients from 22.6% to 34.7%. 


in Vo, (—49%) exceeded that of CO (—28%), thus 
decreasing whole body oxygen extraction. 

The immediate but short-lasting decrease in SVo, 
after release of aortic clamping is likely to reflect the 
recirculation of desaturated blood originating from 
tissues that were underperfused during the period of 
clamping. After unclamping, the moderate increases 
in Vo, and blood lactate in the two groups of patients 
suggest that the oxygen deficit incurred during both 
levels of cross-clamping was of the same order. 

During the postoperative period, as in all previous 
studies during which changes in CO were associated 
with changes in Vo, (13-15), we failed to observe any 
correlation between SVo, and CO. In fact, in contrast 
to that noted during the operative period, SVo, actu- 
ally decreased when CO increased. This pattern was 
related to the physiologic adaptations to the in- 
creased oxygen demand that take place during the 
immediate postoperative period (16). In healthy sub- 
jects (17) and in patients with chronic cardiac failure 
(18), increases in both CO and oxygen extraction 
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Figure 3. SVo, changes during the postoperative period in the six 
patients whose left ventricular ejection fraction was preoperatively 
less than 50% and in the six patients whose preoperative ejection 
fraction was greater than 50%. 


occur to meet the increase in oxygen demand associ- 
ated with muscular exercise. Our data show that both 
mechanisms are also brought into play during the 
recovery period from general anesthesia. We hypoth- 
esized that increases in CO and oxygen extraction are 
not involved to the same extent according to the 
patient’s myocardial status. We therefore examined 
SVo, changes, an index of oxygen extraction for a 
given increase in Vo,, in patients classified on the 
basis of the results of preoperative radionuclear im- 
aging. Abnormalities on dipyridamole-thallium imag- 
ing failed to influence the value of this index during 
the first three postoperative hours. Conversely, dif- 
ferences among patients regarding normalized SVo, 
changes appeared when the value of ventricular 
ejection fraction was considered. The fact that the 
postoperative decrease in SVo, was more marked in 
the patients with a low value of ejection fraction 
suggests that the more severe the myocardial impair- 
ment, the more elevated peripheral oxygen extraction 
was. However, the influence of the level of aortic 
cross-clamping cannot be excluded, as four of the six 
patients with depressed left ventricular function had 
supraceliac clamping, whereas only two patients hav- 
ing infrarenal clamping had depressed left ventricular 


Table 2. Serum Lactate Concentration During Anesthesia and the Immediate Postoperative Period 





2 Min before 2 Min after 
aortic aortic 
declamping declamping 
(mM/L) (mM/L) 
Supraceliac aortic cross- 1.5 20.1 4.4 + 0.8" 
clamping (n = 6) 
Infrarenal aortic cross- 1.3°2:0:2 4.1 + 0.57 


clamping (n = 6) 


90 Min after 180 Min after 
the end of the end of 
Skin closure anesthesia anesthesia 
(mM/L) (mM/L) (mM/L) 
2.6 + 0.3" 3.3 + 0.4 2.6 + 0.48 
2.8 + 0.6" 24 +07 2.4 + 0.6" 





Values are mean + SE. 
“P < 0.05 vs value measured 2 min before aortic declamping. 
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function. In our patients, the fact that postoperative 
blood lactate levels remained stable indicates that 
even in the case of a moderately impaired myocardial 
function, adequate tissue oxygenation was still en- 
sured. 

In conclusion, excluding the period of aortic 
clamping, general anesthesia with fentanyl, atracu- 
rium, nitrous oxide, and isoflurane is associated with 
moderately stable values of Voz, Spoz, and hemoglo- 
bin. Under these conditions, CO is the main factor of 
variation of SVo2. During supraceliac aortic cross- 
clamping, the magnitude of the decrease in Vo, is 
more marked than that of CO, which leads to an 
increase in SVOz. No significant change in SVo, is 
observed during infrarenal aortic cross-clamping. Fi- 
nally, during the first three postoperative hours, 
when both CO and peripheral oxygen extraction 
increase to match the enhanced oxygen demand of 
the body, Svo, changes are greater in the case of 
compromised myocardial function. 
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The effects of intraarticular bupivacaine administra- 
tion on postoperative pain arid mobilization were 
evaluated in 97 healthy outpatients undergoing knee 
arthroscopy under general anesthesia, After comple- 
tion of the operation, which was performed usinga 
standardized general anesthetic technique, the pa- 
tient’s knee was injected with 30 mL of either 0.5% 
bupivacaine or saline solution (control), according to 
a randomized, double-blind protocol. Although there 
were no statistically significant differences in’ the 
patient’s assessment of postoperative pain, patients 
receiving bupivacaine req significantly less opi- 
prd analgesic medication in the a a period. 


outpatient anesthesia because they can provide 

significant intraoperative and postoperative an- 
algesia after a variety of surgical procedures. Al- 
though many orthopedic surgeons inject bupivacaine 
into the intraarticular space after arthroscopic knee 
surgery, most published studies have failed to dem- 
onstrate a significant decrease in postoperative pain 
(1-3). The lack of an observed analgesic effect may 
have been the result of using only 0.25% bupivacaine. 
Higher concentrations of bupivacaine have ‘not been 
used because of concerns regarding its potential 
toxicity (i.e., due to rapid uptake through the syn- 
ovium); however, plasma bupivacaine levels mea- 
sured after the intraarticular administration of 100 mg 
of bupivacaine were below toxic levels (2). - 

We assessed the efficacy of bupivacaine, 150 mg 
(30 mL of 0:5%), in a double-blind, placebo-controlled 
study. In addition to assessing postoperative pain 
relief, we also evaluated the effect of local anesthesia 
on early mobilization after ambulatory arthroscopy. 


[ anesthetics are popular adjuvants during 
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More importantly, ambulation occurred more rapidly 
in those patients treated with bupivacaine (versus 
saline solution), permitting them to be discharged 
earlier than the control patients (145 + 51 min vs 173 
+ 50 min). No adverse effects were noted after the 
150-mg intraarticular dose of bupivacaine. On the day 
after operation, no differences in physical activity or 
analgesic requirements were detected between the 
two treatment groups. In conclusion, bupivacaine 
reduced the opioid requirements and facilitated ear- 
lier mobilization after knee arthroscopy without alter- 
ing the patients’ perception of postoperative pain. 
(Anesth Analg 1991;73:536-9) 


Methods 


Written informed consent was obtained from 97 
healthy outpatients scheduled to undergo arthro- 
scopic knee surgery under general anesthesia. Pa- 
tients were randomly assigned to one of two treat- 
ment groups according to a double-blind protocol, 
which was approved by the Human Studies Commit- 
tee of Washington University School of Medicine. 
Patients with a history of hypersensitivity to local 
anesthetic agents were excluded from participation in 
the study. All patients fasted for at least 6 h before the 
operation and received no preanesthetic medication. 
Before induction of anesthesia, patients completed 
baseline 100-mm visual analogue scales (VAS) for 
pain, sedation, and nausea. These VAS scores ranged 
from 0 = none to 100 = maximum. 

After insertion of an intravenous cannula and 
placement of routine intraoperative monitoring de- 
vices, patients received a standardized general anes- 
thetic consisting of 2.5 mg/kg of intravenous propofol 
for induction followed by a variable-rate propofol 
infusion (75-180 ug-ke~!-min™') and by 67% nitrous 
oxide in oxygen. At the end of the operation, the 
patient’s knee joint was injected through one of the 
arthroscopy portals with 30 mL of either saline solu- 
tion or 0.5% bupivacaine as determined by a computer- 


©1991 by the International Anesthesia Research Society 
0003-2999/9 1/$3.50 


ANESTH ANALG 
1991;73:536-9 


generated random number sequence. The study 
medications were supplied by the hospital pharmacy 
in an unmarked syringe; and neither the anesthesiol- 
ogist, surgeon, nor patient was aware of the treat- 
ment administered. On completion of the operation, 
the infusion of propofol and nitrous oxide were 
discontinued simultaneously. The times from the end 
of anesthesia until awakening (defined as spontane- 
ous eye opening), sitting up in a chair, tolerating oral 
fluids, ambulating, being judged “fit for discharge,” 
and hospital discharge were recorded by a blinded 
observer. Mobilization was facilitated by the use of 
crutches (all patients received instruction in their use 
preoperatively). Patients were encouraged to sit up 
and to begin the mobilization process whenever they 
felt able to, without any predefined time constraints. 
Patients were considered to be fit for discharge when 
they were oriented to time and place, had stable vital 
signs on sitting up and mobilizing, could void urine, 
and were able to ambulate (with the use of crutches). 

A standard three-lead electrocardiogram was used 
to monitor the heart rate and rhythm during the first 
60 min in the recovery room. Postoperative pain was 
treated with intravenous bolus doses of 25 ug of 
fentanyl. The patient’s postoperative requirements 
for analgesic and antiemetic medications were re- 
corded. The patient's assessment of postoperative 
sedation, pain, and nausea was again recorded using 
the 100-mm VAS at 15-min intervals after operation 
for the first hour of recovery and at discharge. The 
patients were contacted the day after operation by a 
research nurse (also blinded to the technique) who 
inquired about their use of analgesic medication and 
physical condition after discharge from the outpatient 
surgery center. 

Data are expressed as mean + standard deviation. 
Continuous variables were analyzed using analysis of 
variance, whereas descriptive variables were ana- 
lyzed using the y*-test. A P value less than 0.05 was 
considered to be statistically significant. 


Results 


A total of 49 patients received intraarticular 0.5% 
bupivacaine, and 48 received a similar volume of 
saline solution. There were no significant differences 
in age, sex distribution, weight, duration of surgery, 
and total dose of propofol administered (Table 1) 
between the two treatment groups. Both groups of 
patients had similar awakening times from anesthe- 
sia; however, later recovery events occurred progres- 
sively earlier in those patients who received intraar- 
ticular bupivacaine (Figure 1). Patients who received 
bupivacaine were discharged an average of 30 min 
earlier than those receiving saline solution. Despite 
the improvement in mobility in the bupivacaine- 
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Table 1. Demographic Characteristics of the Two 
Treatment Groups 


Variables Saline solution 0.5% Bupivacaine 
Number (n) 48 49 
Age (yr) 36 + 12 35 + 14 
Sex (M/F) 34/14 31/18 
Weight (kg) 80 + 16 78 + 14 
Duration of operation (min) 56 + 16 53 + 19 
Total propofol (mg) 661 + 172 617 + 198 


Values are mean + sp (or numbers). 
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Figure 1. Times from discontinuation of anesthesia until the pa- 
tients were awake, able to sit up in a chair (sitting), tolerate oral 
fluids (fluids), ambulate (walking), were judged “fit for discharge” 
(home-ready), and were discharged. Dark bars represent 0.5% 
bupivacaine, light bars represent saline (control) group. Values are 
mean + sem. *P < 0.05, from control group. 
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Time (min) 
Figure 2. Pain visual analogue scales before (Preop.) and postop- 
eratively at 15, 30, 45, and 60 min after arriving in the recovery 
room as well as at the time of discharge for the two treatment 
groups (—@—, 0.5% bupivacaine; --O--, saline). Values are mean 
+ SEM. 


treated group, there was no difference in the patients’ 
assessment of their postoperative pain (Figure 2). 
This observation was unchanged when patients who 
had received opioid analgesic medication in the re- 
covery room before completion of VAS were ex- 
cluded from the analysis. 

Significantly fewer of the bupivacaine-treated pa- 
tients required an opioid analgesic medication post- 
operatively, and the total dose of analgesic medica- 
tion was also significantly lower (Table 2). When 
contacted by telephone the following day, almost all 
patients had some pain and similar numbers in each 
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Table 2. Postoperative Analgesic Requirements of the 
Two Treatment Groups 


Saline 0.5% 
Variables solution Bupivacaine 
Required postoperative 57, 26 37, 18* 
fentanyl {%, n) 
PACU fentanyl dose (ug) St = 71 27 + 39" 
First analgesia (min) 26 + 16 27 + 21 
Oral analgesic at home (%, n) 65; 30 61, 30 
Values are mean + sp or percen eta e (number of patients). 
Spacy different from the e group, P < 0.05. 


group tequired an v oral ahalgesic medication, There 
was no difference in the patients’ perceived | level of 
postoperative sedation or nausea (by VAS) in the two 
treatment groups. Nausea was not a significant prob- 
lem after these outpatient arthroscopic procedures, 
with only four patients in each treatment group 
requiring postoperative antiemetic medication. There 
was no correlation between the degree of postopera- 
tive nausea and the postoperative dose of opioid 
analgesic medication. No clinical signs or symptoms 
of local anesthetic toxicity (e.g., cardiac dysrhyth- 
mias) were noted in any patient during the early 
postoperative period. 


Discussion 


Previous studies (1-3) have failed to demonstrate a 
significant decrease in postoperative pain scores 
when 0.25% bupivacaine was administered intraartic- 
ularly after arthroscopic surgery.. In one study (4), 

0.25% bupivacaine reduced postoperative pain after 
arthroscopic meniscectomy. However, these authors 
only compared pain scores in those patients. who 
required postoperative analgesia, which may explain 
the difference between this and other studies. In 
keeping with most of the previously published stud- 
ies, we also failed to demonstrate a significant de- 
crease in postoperative pain scores despite the use of 
a higher concentration of bupivacaine (0.5%). 

In contrast to a previous report in which 0.25% 
bupivacaine failed to decrease postoperative opioid 
requirements in an adolescent population (5), pa- 
tients who received 0.5% bupivacaine were less likely 
to require postoperative opioid medication and also 
required a lower average dose of the analgesic med- 
ication. The difference in these two observations may 
result from the higher dose of bupivacaine used in 
our study. Alternatively, the difference may simply 
reflect the fact that an insufficient number of patients 
were enrolled in the previous investigation (5). 

More importantly, intraarticular 0.5% bupivacaine 
resulted in earlier ambulation (105 + 29 min vs 142 + 
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51 min) and earlier discharge (145 + 51 min vs 173 + 
50 min) from our outpatient facility. The only previ- 
ous study addressing the issue of postoperative mo- 
bilization failed to detect any benefit from 0.25% 
bupivacaine (3). As a patient’s pain presumably 
would have been enhanced by mobilization, differ- 
ences in the pain scores may have been obscured 
because patients who received bupivacaine were able 
to mobilize earlier. However, this would not explain 
the lack of a difference in pain scores before mobili- 
zation. Although it is possible that the peak effect of 
bupivacaine was delayed such that ambulation was 
improved without affecting earlier pain scores, this is 
not consistent with the onset time of intraarticular 
bupivacaine - when it is used to provide analgesia 
during arthroscopies performed under local anesthe- 
sia (6). The patient’s VAS pain scores may have re- 
flected-other causes of postoperative pain (e.g., hip and 
back pain from positioning in the operating room and 
pain from manipulating the leg), which were unaf- 
fected by the intraarticular bupivacaine. Unfortunately, 
our study design did not address the specific site of the 
patient’s pain. Consistent with its known duration of 
action, the effects of bupivacaine were not apparent the 
following day. Almost all patients experienced some 
degree of pain the day after surgery, for which a little 
over half of the patients in each group required oral 
analgesic medication. : 

In the control group of patients, the larger require- 
ment for postoperative opioid analgesia might have 
been expected to result in a higher incidence of 
postoperative nausea in this outpatient population. 
However, the incidence of nausea (as assessed by 
VAS) and the requirement for antiemetic drugs were 
very low in both treatment groups. This finding 
might be a result of the anesthetic technique used in 
our study (i.e., propofol-nitrous oxide) as a 25% 
incidence of postoperative nausea was reported in an 
arthroscopic surgery study that used general anesthe- 
sia with volatile anesthetics (7). Propofol has previ- 
ously been reported to have antiemetic effects (8). 

In summary, although intraarticular 0.5% bupiv- 
acaine did not significantly decrease the patient's 
perception of pain, the local anesthetic’ facilitated 
early mobilization after outpatient knee arthroscopy. 
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Efficacy of Esmolol Versus Alfentanil as a Supplement to 
Propofol-Nitrous Oxide Anesthesia 


Jan Smith, BSc, MBBS, FFARCS, Jan Van Hemelrijck, MD, and Paul F. White, PhD, MD 
Department of Anesthesiology, Washington University School of Medicine, St. Louis, Missouri 


In 97 outpatients undergoing ambulatory arthro- 
scopic procedures, we compared esmolol with alfen- 
tanil when used to supplement propofol-N,O- 
atracurium anesthesia according to a randomized, 
double-blind protocol. After an initial intravenous 
dose of 16 g/kg alfentanil, or 2 mg/kg of esmolol, a 
variable-rate infusion of alfentanil or esmolol was 
administered to maintain a stable heart rate. After 
induction of anesthesia with 2.5 mg/kg of propofol, 
mean arterial pressure decreased to a larger extent in 
the alfentanil-treated patients. Although heart rate 
and mean arterial pressure increased in both groups 
after tracheal intubation, alfentanil more effectively 
blunted the hemodynamic response to this stimulus. 
Maintenance of anesthesia was adequate in both 
treatment groups. After discontinuation of anesthe- 
sia, patients in the esmolol group opened their eyes 
earlier (7.2 + 2.4 min vs 9.8 + 4.6 min) than those in 
the alfentanil group. Esmolol-treated patients also 


tubation and surgical stimulation are gener- 
ally considered to be undesirable. Opioid an- 
algesics are commonly used as adjuvants during 
general anesthesia to minimize acute increases in 
arterial blood pressure and in heart rate (HR) during 
anesthetic induction and maintenance periods. How- 
ever, opicids can delay awakening from anesthesia, 
impair psychomotor performance, and increase the 
incidence of postoperative nausea and vomiting. 
These factors can contribute to a delayed discharge 
after ambulatory surgery. 
Esmolol, a 6-adrenoceptor antagonist, is capable of 
attenuating the tachycardia and hypertension associ- 
ated with tracheal intubation (1). This raises the 


A cute hemodynamic responses to tracheal in- 
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reported less sedation in the first 15 min of recovery 
than those receiving alfentanil. However, there were 
no differences in times to ambulation and discharge 
between the groups. Esmolol-treated patients re- 
ported more postoperative pain for the first 15 min of 
recovery and more esmolol-treated patients required 
postoperative opioid analgesia than those treated 
with alfentanil. There were no significant differences 
in the incidences of nausea and vomiting between the 
two groups. The authors conclude that esmolol may 
be used in place of alfentanil to supplement propofol- 
N,O-atracurium anesthesia in outpatients undergo- 
ing arthroscopic procedures. However, hemody- 
namic responses to tracheal intubation were larger 
with esmolol, and avoidance of alfentanil did not 
decrease the incidence of postoperative nausea and 
vomiting in this outpatient population. 

(Anesth Analg 1991;73:540-6) 


possibility of using a B-blocker as an alternative to an 
opioid analgesic to maintain hemodynamic stability, 
and thereby to avoid opioid-related side effects. We 
designed this randomized, double-blind study to 
compare the effects of esmolol (a rapid and short- 
acting B-blocker) and alfentanil (a rapid and short- 
acting opioid analgesic) on intraoperative hemody- 
namic stability and recovery variables when used to 
supplement propofol-N,O anesthesia. 


Methods 


After obtaining written, informed consent, 97 healthy 
(ASA physical status I and II) outpatients undergoing 
elective arthroscopic surgical procedures were ran- 
domly assigned to one of two anesthetic treatment 
groups according to a double-blind protocol ap- 
proved by the Human Studies Committee at Wash- 
ington University School of Medicine. Patients with a 
history of asthma (or reactive airway diseases) or 
hypersensitivity reactions to opiates were excluded. 
All outpatients fasted for at least 6 h and were not 
premedicated on arrival in the operating room. 
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After placement of an intravenous catheter, rou- 
tine monitoring devices were applied (including a 
blood pressure cuff, electrocardiogram, precordial 
stethoscope, and pulse oximeter). Mean arterial 
blood pressure (MAP) and HR were recorded using 
an automated device (Dinamap, Critikon, Tampa, 
Fla.) before administration of any drug (baseline) at 
1-min intervals from induction until skin incision and 
subsequently at 5-min intervals for the remainder 
of the procedure. Before intravenous induction of 
anesthesia, 2-3 mg of d-tubocurarine, 50 mg of lido- 
caine, and 0.3 mg/kg of propofol were administered 
to all patients. After breathing 100% oxygen, a 
0.2-mL/kg bolus of either esmolol (2 mg/kg) or alfen- 
tanil (16 ug/kg) was infused at a rate of 3 mL/min 
according to the randomization sequence. The study 
drugs were supplied by the hospital pharmacy in 
unmarked 60-mL syringes containing either 80 g/mL 
of alfentanil or 10 mg/mL of esmolol and were admin- 
istered using a syringe-type infusion pump (Bard 
InfusOR, C.R. Bard Inc., North Reading, Mass.). 
Both the patient and anesthesiologist were blinded to 
the study medication. The dose of each of the two 
study medications was chosen based on studies in 
the published anesthesia literature, and the concen- 
tration was adjusted such that an approximately 

“equipotent” solution (with respect to hemodynamic 
effects) would be administered to allow proper blind- 
ing of the study. 

Two minutes after the start of the study drug 
administration, anesthesia was induced with a bolus 
of 2.5 mg/kg of propofol using a second Bard InfusOR 
syringe pump. After loss of the eyelash reflex, 
1.5 mg/kg of succinylcholine was intravenously ad- 
ministered to facilitate tracheal intubation. Anesthe- 
sia was maintained with propofol and 67% nitrous 
oxide (N20) in oxygen at an initial infusion rate of 
0.16 mg-kg~'-min™* and was subsequently titrated to 
maintain an adequate “depth of anesthesia” as 
judged by blood pressure responses to surgical stim- 
wi. Purposeful movements by the patient were 
treated with small bolus doses of 0.3 mg/kg of pro- 
pofol administered intravenously in addition to 
increasing the propofol infusion rate in increments 
of 50%-100%. The study drug infusion rate was ini- 
tially maintained at 0.01 mL-kg™?-min™! (i.e., 
100 pg-kg~’-min~* of esmolol or 0.80 pg-kg~ Lmin! 
of alfentanil). This was decreased to 0.0025 mi ‘ket. 
min™* after intubation and was subsequently ad- 
justed to maintain HR within 15% of the preoperative 
baseline values. 

Ventilation was controlled at a minute volume 
sufficient to maintain Paco, values in the range of 
34-38 mm Hg. Neuromuscular blockade was pro- 
vided with small bolus doses of 10-20 mg of atracu- 
rium, administered intravenously as needed. The 
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atracurium dose provided sufficient muscular relax- 
ation to facilitate operation, while not preventing 
purposeful movements in response to surgical stimuli 
in the presence of inadequate anesthesia. 

After completion of the operation, residual neuro- 
muscular block was antagonized with 0.05 mg/kg of 
neostigmine and 0.01 mg/kg of glycopyrrolate, as 
necessary. The study drug and propofol infusions 
were terminated when the N,O was discontinued on 
completion of the arthroscopy. The total doses of 
propofol and study drug were recorded, as were the 
number of supplemental bolus doses of propofol. 
After discontinuation of anesthesia, the times of 
spontaneous eye opening and of arrival in the post- 
anesthesia care unit (PACU) were recorded. Recovery 
was further evaluated by recording the times at 
which patients were first able to sit up in a chair, 
tolerate oral fluids, and walk to the bathroom and the 
time at which they were judged to be fit for discharge 
(i.e., “home ready”). 

The incidence of nausea and vomiting and the 
requirement for antiemetic medication were also re- 
corded. Postoperative analgesic requirements were 
noted; pain, nausea, and sedation were further eval- 
uated using 100-mm visual analogue scales (VAS) at 
15, 30, 45, and 60 min after arriving in the recovery 
room, with values compared with preanesthesia 
(baseline) values. Visual analogue scale scores ranged 
from 0 = none to 100 = maximal/most severe. All 
assessments in the PACU were made by a trained 
nurse observer who was blinded to the study medi- 
cation used. 

Continuous variables were analyzed using analy- 
sis of variance (ANOVA), with repeated measures 
used to assess changes over time. Positive findings 
with ANOVA were confirmed by using Student’s 
two-sided, unpaired f-tests for comparisons between 
groups and paired t-tests for comparisons over time 
within groups. In all cases, Bonferroni's correction for 
multiple comparisons was applied. To evaluate the 
descriptive variables, x*-tests were used, with P val- 
ues less than 0.05 considered to be statistically signif- 
icant. 


Results 


There were no significant differences between the 
two groups of outpatients in age, weight, sex, type of 
procedure, duration of operation, and dosage of 
anesthetic and muscle relaxant drugs (Table 1). In 
addition, similar volumes of study drugs were in- 
fused during the operation in both groups. 

The intraoperative hemodynamic changes are 
summarized in Figure 1. After induction of anesthe- 
sia, there was a decrease in both HR and MAP. Heart 
rate decreased more rapidly in the esmolol group, 
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Table 1. Demographic Characteristics of the Two 
Treatment Groups 





Variables Alfentanil Esmolol 
Total number (7) 50 47 
Age (yr) 36 + 13 37 + 14 
Sex (M/F) i 34/16 31/16 
Weight (kg? 80 + 14 79 + 14 
Arthroscopic site 
One knee 48 44 
Both knees 1 1 
Shoulder 1 2 
. Duration of operation (min) 60 + 19 57 + 20 
Study drug volume used (mL) 34+ 8 36 + 10 
Total alfentanil or esmolol (mg) 2.72 + 0.64 360 + 100 


Required propofol bolus (n) 19 41° 

Number of boluses administered r E 25 £12 
Total propofol dose (mg) 622 + 172 693 + 200 
Total atracurium dose (mg) 17.6 + 10.2 


Values are mean + sp (or numbers). 
“Significantly different from the alfentanil group, P < 0.05. 
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Figure 1. Heart rate (above) and mean arterial blood pressure 
(below) values from before induction of anesthesia (Preop.), at 
induction of anesthesia (Indn.), immediately before intubation 
(Post-ind.), at the peak after intubation (Intubn.), at the lowest 
point before incision (Pre-inc.), at skin incision (Inc.) and at the 
postincision peak (Post-inc.). Values are mean + sem. *P < 0.05, 
from baseline. *P < 0.05, from alfentanil. 


being significantly lower than both the baseline 
(awake) value and the value at the start of induction 
of anesthesia in the alfentanil group. After anesthetic 
induction, HR was similar in both groups and signif- 
icantly lower than baseline values. Mean arterial 
blood pressure decreased to significantly below base- 
line values in both groups after induction of anesthe- 
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Figure 2. Heart rate (above) and mean arterial blood pressure 
(below) at 5-min intervals after skin incision (time 0). Values are 
mean + sem. 'P < 0.05, from alfentanil. 


sia; this change was greater in the alfentanil-treated 
patients. With laryngoscopy and tracheal intubation, 
HR increased in both groups. Although HR was 
significantly higher in the esmolol group, it did not 
differ significantly from awake levels in either group. 
Mean arterial blood pressure increased significantly 
from the postinduction value after intubation in both 
groups. Although MAP exceeded baseline values in 
the esmolol group, it remained below baseline in the 
alfentanil group. The difference between the two 
groups was also statistically significant. Mean arterial 
pressure returned to preintubation values before skin 
incision. Heart rate also returned to preintubation 
levels in the esmolol-treated patients but decreased to 
below this value in the alfentanil group. Skin incision 
was associated with a significant increase in MAP 
(from preincision values) in both groups but re- 
mained below baseline values. Heart rate decreased 
after skin incision in the esmolol group but showed 
no change in the alfentanil group. Heart rate re- 
mained significantly higher in the esmolol group 
compared with that in the alfentanil-treated patients 
but was below baseline values in both groups. 

After skin incision, HR and MAP both remained 
stable within 10% of the postsurgical incision levels 
(Figure 2). There were no statistically significant 
differences between the two treatment groups in the 
MAP value. Heart rate values were significantly 
higher in the esmolol-treated patients at most time 
points compared with that in the alfentanil-treated 
patients. However, the HRs in both groups of pa- 
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Table 2. Heart Rate and Mean Arterial Blood Pressure in 
the Recovery Room in the Two Treatment Groups 


Mean arterial 

Heart rate (beats/min) pressure (mm Hg) 

Time Alfentanil Esmolol Alfentanil Esmolol 

Enter recovery 73412 +11 94413 88+ 15 
room 

15 min 65+12 6+11 93+15 93+14 

30 min 64411 63412 +15 993+13 

60 min +13 6121 9%+15 RN+D 


Values are mean + sD. . 
“Significantly different from the alfentanil group, P < 0.05. 


tients were significantly lower than baseline values. 
Overall, surgical and anesthetic conditions were sat- 
isfactory in both treatment groups. However, pa- 
tierits in the esmolol group were more likely to 
demonstrate clinical signs. of “light anesthesia” than 
those in the alfentanil group as indicated by a larger 
number of patients who required supplemental bolus 
doses of 0.3 mg/kg of propofol (41 vs 19, P < 0.01) 
and a higher mean number of bolus doses in those 
requiring propofol supplementation (2.5 + 1.2 vs 1.7 
+ 1.5, P < 0.05) (Table 1). 

Emergence from anesthesia, as measured by the 
time to spontaneous eye opening, was Significantly 
slower in the patients receiving alfentanil (9.8 + 
4.6 min vs 7.2 + 2.4 min, P < 0.01). Because of this 
delay in awakening, alfentanil-treated patients also 
required a longer period of time to reach the recovery 
room after termination of anesthesia (15 + 5 min vs 12 
+ 3 min, P < 0.01). On arrival in the recovery room, 
patients treated with esmolol had significantly lower 
MAPs than those treated with alfentanil (T able 2). 
However, MAP values were similar during the re- 
mainder of their PACU stay. There were no signifi- 
carit differences between the two groups in HR at any 
time in the recovery room (Table 2). 

In contrast to the difference in the times to eye 
opening, intermediate and late recovery variables 
(measured as the time intervals required for the 
patients to be able to sit up in a chair, tolerate oral 
fluids, walk to the bathroom, and to be judged 
“home ready”) did not differ between the two groups 
(Figure 3). Patients receiving esmolol rated their level 
of sedation as less than those receiving alfentanil at 
the 15-min assessment point but not at subsequent 
evaluation intervals (Figure 4). Patients receiving 
esmolol also rated their postoperative pain as signif- 
icantly more severe during the first 15 min in the 
PACU than those receiving alfentanil (Figure 5). 
Postoperative opioid analgesic medication was re- 
quired by 57% of those receiving esmolol compared 
with 34% of the alfentanil-treated patients (P < 0.05). 
Patients in both groups who required postoperative 


AMBULATORY ANESTHESIA SMITHETAL 543 


ESMOLOL VS ALFENTANIL DURING PROPOFOL-N,O ANESTHESIA 


200 


f-] ANentenil 


150 
Time 
(min.) 

100 


50 





0 m om — — 

Sitting ' Fiukts Walking Home ready 

Figure 3. Times from discontinuation of anesthesia until the pa- 
tients were able to sit up (Sitting), tolerate oral fluids (Fluids), 
ambulate (Walking), arid were judged to be fit for discharge (Home 


ready). Values are mean + SEM. 
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Figure 4. Change in visual analogue scores for sedation compared 
with preoperative (Preop.) values after 15, 30, 45, and 60 min of 
recovery and at discharge. Values are mean + sEM. *P < 0.05, from 
alfentanil. i 
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Figure 5. Change in visual analogue scores for pain compared 
with preoperative (Preop.) values after 15, 30, 45, and 60 min of 
recovery and at discharge. Values are mean + sem. *P < 0.05, from 
alfentanil. 


re rated their pain during the first 45 min of 
evaluation as significantly more severe than those 
who did not require analgesic medication. Excluding 
those patients who had received analgesic medication 
before completing the. pain VAS did not alter the 
differences between the alfentanil and esmolol 
groups. However, there were significant differences 
between the groups if analgesic medication had al- 
ready been administered before completing the VAS. 
Local anesthetic was instilled into the knees of 24 
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Table 3. Nausea Visual Analogue Scores and Percentage 
„30f Patients Requiring Antiemetic Medication in the Two 
Treatment Groups 


Time Alfentanil Esmolol 
Preoperative (baseline) Ls 3 2£5 
Postoperative 

15 min 8+ 19 11 + 17 
30 min 9 + 20 92°15 
45 min 9 + 21 9+ 16 
60 min 8 + 20 9 + 17 
pe Sf 10 + 24 517 
/'Antiemetic requiremient (%) 12 6 


Values are mean, + SD; 


< a 


patients (49%) in the alfentanil group and of 22 
patients 60%) in the esmolol group. The use of local 
anesthesia had no significant effect on the postoper- 
ative pain scores. 

There were no significant differences between the 
two groups in the degree of nausea as assessed by the 
patients or in terms‘of PACU requirements for anti- 
emetic medication (Table 3). Overall; patients were 
highly satisfied with both anesthetic techniques: 
When questioned 24 h after discharge, 95% of the 
esmolol-treated patients and 94% of the alfentanil- 
treated patients stated that they would be pleased to 
receive the same anesthetic for a future operation. 
There were no iristances of recall of intraoperative 
events in either treatment group. 


Discussion 


Several investigators have demonstrated that es- 
molol, when compared with placebo, can effectively 
attenuate the tachycardia and, to a lesser extent, the 
hypertension associated with tracheal intubation 
(1-8) and other intraoperative stresses (9). In clinical 
practice, potent opioid analgesics (e.g., fentanyl and 
its newer analogues) are often administered to main- 
tain hemodynamic stability during laryngoscopy and 
tracheal intubation. Unfortunately, the tendency of 
opioid analgesics to delay recovery, particularly of 
higher. cognitive function (10), as well as to increase 
the incidence of postoperative nausea and vomiting 
(11) in outpatients undergoing ambulatory surgical 
procedures, can significantly delay discharge. A drug 
capable of rapidly controlling tachycardia and hyper- 
tension without prolonged negative inotropic effects 
would be beneficial for perioperative control of tran- 
sient hemodynamic responses to surgical stimuli (12). 
Esmolol compares favorably with fentanyl in its abil- 
ity to obtund unwanted. cardiovascular response to 
laryngoscopy and tracheal intubation in patients with 
cardiovascular disease (13,14). 

Consistent with previous findings, we found es- 
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molol to be more effective in preventing the HR from 
exceeding baseline values after tracheal intubation 
than in controlling the acute hypertensive response. 
Both HR and MAP were significantly higher after 
tracheal intubation in the esmolol group than in the 
alfentanil-treated patients. However, this greater he- 
modynamic responsiveness in the esmolol group 
should probably be balanced against the transient 
period of hypotension observed after induction of 
anesthesia in the alfentanil-treated patients. 

Because tachycardia-induced myocardial ischemia 
can occur in patients with coronary artery disease 
(15), it has been suggested that a rapid and short- 
acting B-blocking drug, which reduces tachycardia 
while maintaining coronary perfusion pressure, may 
be especially beneficial in high-risk patient popula- 
tions (16). In our healthy outpatients, no evidence of 
myocardial ischemia was observed in either group 
during this study. The transient hypotension re- 
corded immediately after induction of anesthesia in 
the alfentanil group could have been decreased by 
using a lower dose of either propofol or alfentanil. 

Although both study drugs were adequate adju- 
vants during induction and maintenance of propofol- 
NO anesthesia for outpatient arthroscopic proce- 
dures, more patients in the esmolol group needed 
supplemental bolus doses of propofol. Hemody- 
namic stability after skin incision was similar in both 
groups, although esmolol-treated patients had higher 
mean HR values than those treated with alferitanil. 
Importantly, the values of hemodynamic variables 
after skin incision remained significantly less than 
preoperative baseline values in both treatment 
groups. The lower MAP values on entering the 
recovery room in the esmolol group are difficult to 
explain. However, esmolol has been previously 
shown to be more effective than alfentanil in prevent- 
ing hypertensive responses to extubation (17). 

In comparing esmolol with a rapid and short- 
acting opioid analgesic, we were able to demonstrate 
a significantly shorter time to eye opening with 
esmolol (vs alfentanil). However, provided that out- 
patients are adequately observed during the early 
recovery phase, this difference is probably of limited 
clinical significance. Nevertheless, the earlier time of 
transfer to the PACU would facilitate room turnover 
in a busy ambulatory facility. Although there was a 
significant difference in the times to eye opening and 
in the patients’ initial evaluation of their degree of 
postoperative sedation, there were no significant 
differences between the groups in the later recovery 
phase or in the time of discharge. 

As might have been expected, the analgesic prop- 
erties of alfentanil persisted into the early postoper- 
ative period as evidenced by the lower pain scores 
recorded by the alfentanil-treated patients during the 
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first 15 min in the PACU. This was also reflected in 
the ‘increased requirement for postoperative opiate 
analgesics in the esmolol group. The lack of a signif- 
icant difference in pain VAS scores after 15 min is a 
reflection of the natural time-course of the postoper- 
ative pain rather than a modifying effect of the 
intraoperative analgesic medication. Not surpris- 
ingly, postoperative. pain was rated higher by pa- 
tients in both treatment groups who required analge- 
sic medication than by those who did not, and this 
difference persisted for 45 min. The use of intraartic- 
ular local anesthetics had no demonstrable effect on 
postoperative pain scores, consistent with the find- 
ings of other investigators (18-20). Overall, the pòst- 
operative requirements for analgesic medication in 
this outpatient surgical population were minimal, 
and both groups of outpatients were equally satisfied 
with their anesthetic technique. 

Our failure to demonstrate any significant reduc- 
tion of postoperative nausea and vomiting after the 
use of esmolol as an alternative to an opioid analgesic 
may be due to the intrinsically low incidence of 
nausea in outpatients undergoing arthroscopic sur- 
gery. To detect a statistically significant difference 
would have required a simple size at least four times 
larger than our study populàtion. Further studies 
involving outpatients more susceptible to postopera: 
tive nausea and vomiting (é.g., patients undergoing 
laparoscopic procedures) may show a clinically sig- 
nificant difference between these two drug treatment 
groups. As propofol may possess antiemetic proper- 
ties (21), the use of this. hypnotic agent could also 
have masked any differerices in emetic sequelae be- 
tween the two groups. The incidence of. postopera- 
tive nausea in our study using a propofol-based 
anesthetic technique was considerably lower than the 
25%-45% incidence reported after general anesthesia 
(using volatile anesthetic-N,O or opioid analgesic- 
N,O-relaxant techniques) for outpatient knee arthros- 
copy (22-24). 

This study could be criticized in that two different 
infusions had to be titrated simultaneously using 
clinical end points. Propofol was titrated to minimize 
signs of inadequate anesthesia (e.g., movement, tear- 
ing, swallowing, and acute changes in arterial blood 
pressure), whereas the study medication was titrated 
to maintain a stable heart rate. A patient population 
undergoing an operation associated with minimal 
perioperative pain was chosen because only half of 
the patients were to receive intraoperative opioid 
analgesics. Although a difference in pain scores was 
reported during the early postoperative period in the 
two treatment groups, this finding was of little (if 
any) clinical significance in this surgical population. 
However, larger differences would be expected after 
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surgical procedures associated with a greater degree 
of postoperative pain. 

_ In summary, we have shown that esmndldl can be 
used as an alternative to alfentanil during propofol- 
N,O-atracurium anesthesia for ambulatory surgery. 
However, control of the hemodynamic responses to 
tracheal intubation was more effectively accom- 
plished with alfentanil. This improved hemodynamic 
stability during tracheal intubation in the alfentanil 
group was achieved at the expense of a greater 
degree of hypotension in the immediate preintuba- 
tion period. Although alfentanil delayed initial awak- 
ening, this study did not demonstrate any adverse 
effects on later recovery events or discharge times. 
The use of a potent, rapid-acting opioid analgesic is 
recommended in situations in which avoidance of a 
hypertensive response to laryngoscopy and ttachéal 
intubation is of particular importance or when signif- 
icant postoperative pain is anticipated after ambula- 
tory surgery. On the other hand, esmolol may have 
advantages when rapid awakening is particularly 
advantageous (e.g., diagnostic or therapeutic proce- 
dures associated with minimal postoperative pain) 
and when used in outpatients who are sensitive to 
opioid-related postoperative side effects. 
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A double-blind, placebo-controlled study was de- 
signed to compare the efficacy of demand-dose 
patient-controlled epidural analgesia (PCEA) with 
continuous epidural infusion (CEI) for treatment of 
pain during labor and delivery. Forty patients were 
randomized to receive 0.125% bupivacaine with fen- 
tanyl (2 g/mL) through CEI at 12 mL/h or es a 
demand-dose PCEA. Patients using PCEA could de- 
mand 3 mL every 10 min without restriction. Anal- 
gesia in both groups was comparable. However, 
there was a significant reduction in total bupivacaine 
consumption (in milligrams) associated with the use 
of PCEA (mean + sEM: CEI = 76.1 + 8.5 mg; PCEA = 
42.2 + 5.9 mg; 45% reduction). The hourly bupiv- 


control has several modes of delivery. The most 

commonly used mode for administration of 
intravenous opioids is demand dosing wherein a fixed- 
size dose is self-administered (1). A hybrid of physi- 
cian-controlled and patient-controlled analgesia is 
continuous infusion plus demand dosing. In this mode, a 
basal background infusion rate is determined by a 
physician and can be supplemented by patient de- 
mand. Other variants such as infusion-based systems 
(2) (infusion demand and variable-rate infusion plus de- 
mand dosing) are yet to be studied in detail. 

Until now, studies cf patient-controlled epidural 
analgesia (PCEA) for labor and delivery have com- 
pared traditional continuous epidural infusions (CEI) 
with the continuous infusion plus demand-dose 
mode of PCEA (3,4). Although both authors reported 
analgesia to be comparable to CEI, Gambling et al. (3) 
found a modest dose-sparing effect to be associated 
with continuous infusion plus demand-dose PCEA, 
whereas Lysak et al. (4) found the dose-sparing effect 
to be minimal. The choice of mode for PCEA, how- 
ever, may have significant influence on resultant 
analgesia and drug usage. The present study reports 


I the administration of analgesics under patient 
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acaine consumption during the first (CEI = 15.8 + 
0.6 mg/h; PCEA = 8.8 + 1.1 mg/h) and second (CEI = 
17.2 + 1.2 mg/h; PCEA = 6.8 + 1.2 mg/h) stages of 
labor was also reduced. Overall, this represented a 
47% “sparing” of bupivacaine use per hour with 
PCEA. Similar reductions occurred in the use of 
fentanyl. The reductions in analgesic requirement, 
however, were not associated with a reduction in the 
degree of motor blockade or in the cephalad extent of 
sensory blockade. A significant dose-sparing effect 
was associated with the use of demand-dose PCEA as 
compared with standard CEI for analgesia during 
labor and delivery. 

(Anesth Analg 1991;73:547-52) 


the use of pure demand-dose PCEA for pain relief 


during labor and delivery. 


Methods 


The study was approved by the institution’s Commit- 
tee for the Protection of Human Subjects from Re- 
search Risks. Forty ASA physical status I or II primi- 
parous or multiparous patients in an established 
labor pattern at term were randomly selected. All 
patients had requested epidural analgesia for labor 
and delivery. The criteria for inclusion were a single- 
ton fetus with vertex presentation at term, a preg- 
nancy without complication, no prior history of ce- 
sarean delivery, and a conversational fluency in 
English. Informed consent was obtained from each 
parturient in the early stage of labor. Patients were 
then randomized to receive either CEI or PCEA in a 
double-blind fashion. 

Epidural catheterization was performed in the lat- 
eral decubitus position after intravenous infusion of 
at least 1 L of lactated Ringer’s solution and pretreat- 
ment with 30 mL of oral Bicitra. Using standard 
techniques, a 20-gauge epidural catheter was placed 
through a 17-gauge Weiss needle at the L3-4 or L2-3 
interspace, threaded 2-3 cm, and taped securely. All 
patients received an initial dose of 8-13 mL of 0.5% 
bupivacaine to achieve a level of anesthesia (pin 
prick) from S-5 to at least T-10. 
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Immediately after anesthesia was established, the 
epidural catheter was connected to an Abbott Life- 
Care PCA Plus 4100 infuser. All patients received 
0.125% bupivacaine and 2 ug/mL of fentanyl. This 
combination of analgesics was chosen because it had 
been shown to minimize local anesthetic usage and 
motor block (5). Those allocated to the CEI regimen 
received 12 mL/h (standard infusion rate at our insti- 
tution), whereas those allocated to receive PCEA 
were able to self-administer a demand dose of 3 mL 
every 10 min as needed. No 1- or 4-h dose restrictions 
were set. Each patient was given a demand button 
and was instructed to depress the button whenever 
she began to feel any discomfort. For patients in the 
CEI group, the button was deactivated (placebo). For 
patients in the PCEA group, depression of the button 
delivered demand doses as indicated. 

Maternal arterial blood pressure was measured 
every 5 min for 20 min after epidural insertion and 
every 30 min after that. Fetal heart rate was continu- 
ously monitored throughout labor. 

Patients were interviewed every 30 min by an 
anesthesiologist blinded to the patient’s randomiza- 
tion. The adequacy of analgesia was quantitated by 
means of a 10-cm visual analogue scale. Motor 
strength (graded according to the Bromage scale [6]) 
and bilateral sensory anesthesia to pin prick in the 
midaxi line were also noted at 30-min intervals. 
No patient delivered in less than 2 h after beginning 
to use their individual analgesic modality. 

If analgesia was deemed inadequate by the patient 
at any time, she could receive epidural bolus injec- 
tions of 0.25% bupivacaine in 3-mL doses every 5 min 
to a total of 9 mL or until comfortable. Patients were 
then continued on their original epidural regimen 
without interruption, until vaginal delivery was ac- 
complished or the patient was taken for cesarean 
delivery. Any episodes of transient hypotension were 
treated with intravenously administered fluids and 
with 5-10-mg intravenous boluses of ephedrine as 
necessary. 

Demographic data and labor characteristics were 
analyzed using the two-tailed t test for unpaired data 
in the presence of interval data and Fisher's exact test 
for mode of delivery (nominal) data. Apgar scores 
were analyzed using the Mann-Whitney U-test. The 
Friedman y7-test was used to analyze differences in 
pain scores, degree of motor blockade, and cephalad 
extent of sensory level. 

All volume measures of bupivacaine were con- 
verted into milligrams for the purpose of computa- 
tion. Analgesic consumption was calculated for both 
the first and second stages of labor. The dose of 
bupivacaine administered immediately after catheter 
placement for the initial production of anesthesia was 
not included in the analyses of first-stage analgesic 
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usage. This was done to minimize spurious inflation 
of dosage requirements for shorter courses of labor. 
All subsequent physician-administered boluses were 
included in the cumulative totals for the first and 
second stages. Student’s two-tailed t-test for un-. 
paired data was used for all statistical. analyses of 
analgesic consumption. 

For all statistical analyses, P < 0.05 was considered 


significant. 
Results 


A tabular display of demographic data and labor 
characteristics for both study groups is presented in 
Table 1. 

The duration of the first stage of labor (defined as 
the time between epidural blockade and full cervical 
dilation) was comparable for the two study groups. 
Similarly, the duration of the second stage (defined as 
the time between full cervical dilation and the com- 
pletion of vaginal delivery or the decision to proceed, 
to cesarean delivery) was also comparable. There was 
no difference between the study groups with respect 
to mode of delivery (Table 1). Cervical dilation at 
placement of the epidural catheter and newborn 
Apgar scores at 1 and 5 min of life were comparable. 
Only one newborn (CEI group) had a 1-min Apgar 
score less than 7 (in actuality, 1-min Apgar = 5). Only 
one newborn (CEI group) had a 5-min Apgar score 
less than 9 (in actuality, 5-min Apgar = 8). 

Friedman’s x-test demonstrated no difference be- 
tween groups in pain scores (Figure 1), degree of 
motor blockade (Figure 2), or cephalad extent of 
sensory blockade (Figure 3) during the first and 
second stages of labor. Similarly, repeat analyses 
with truncation of the first 90 min of data (to correct 
for the residual effects of the initial bolus of 0.5% 
bupivacaine) showed no difference between study 
groups. | 

Analgesic requirements were markedly reduced by 
the use of PCEA (Table 2), with similar numbers of 
patients in both study groups requiring supplemental 
injections of 0.25% bupivacaine. Despite the similar- 
ity in the need for supplemental injections, the total 
amount of bupivacaine used by the two groups 
during the study was markedly different (CEI = 76.1 
+ 8.5 mg; PCEA = 42.2 + 5.9 mg). This represented 
a dosage reduction effect of 45% in the PCEA group. 
When corrected for hourly consumption, the average 
hourly bupivacaine requirements for the PCEA group 
in the first and second stages were, respectively, 8.8 
+ 1.1 and 6.8 + 1.2 mg/h, as compared with 15.8 + 
0.6 and 17.2 + 1.2 mg/h in the CEI study group. 
Overall, this represented a 47% reduction in bupiv- 
acaine use per hour in patients receiving PCEA for 
analgesia during the first and second stages of labor. 
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Table 1. Demographic Data and Labor Characteristics of Patients Receiving Continuous Epidural Infusion Versus 
Patient-Controlled Epidural Analgesia 





Variable CEI PCEA P 
Maternal 
Age (yr) 31.5 41.1 32.3 + 1.2 NS* 
Height (cm) 160.7 + 1.2 165.8 + 1.4 <0.01° 
Weight (kg) 77.6 + 3.0 77.5 + 3.0 NS" 
Cervical dilation at time of placement of 4.3 + 0.2 4.1 0.3 NS 
epidural catheter (cm) 
Duration of labor (h) 
First stage 3.3 + 0.5 3.8 + 0.5 NS* 
Second stage 15402 1.3 + 0.2 NS" 
Mode of delivery (No.) 
Spontaneous vaginal delivery 13 18 NS? 
Pitocin augmentation 12 16 Ns? 
Forceps-assisted delivery 4 1 NS? 
Cesarean delivery 3 1 NS? 
Episiotomy 13 15 NS? 
Apgar score* 
1 min 8 (5-9) 9 (7-9) NS 
5 min 9 (8-9) 9 (9-10) NS* 
CEI, continuous epidural infusion; PCEA, patient-controlled epidural analgesia; NS, not significant. 
Values are mean + SEM unless otherwise specified. 
“Analysis by i-test. 
Analysis by Fisher's exact test. 
“Analysis by Mann-Whitney U-test. 
“Median with range. 
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Figure 1. Visual analogue pain scores for patients receiving con- 
tinuous epidural infusion (CEI) or patient-controlled epidural 
analgesia (PCEA) after institution of epidural analgesia and subse- 
quent 5 h. Each circle or square (median) with double bars (range) 
represents 8-20 patients. There is no statistical difference in pain 
scores over the study period (Friedman x?-test). 


Similarly, the total amount of fentanyl used was 
markedly different between the two study groups 
(CEI = 112.1 + 12.1 pg; PCEA = 50.8 + 7.6 ug). This 
represented a dosage reduction of 55% in the PCEA 
group. When corrected for hourly consumption, the 
average hourly fentanyl use for the PCEA group in 
the first and second stages was, respectively, 10.5 + 
1.3 and 8.3 + 1.4 ug/h, as compared with 23.9 + 0.5 
and 23.5 + 0.6 g/h in the CEI study group. Overall, 


Figure 2. Percentage of patients with dense (grade 2 or 3) motor 
block after institution of epidural analgesia and subsequent 5 h. 
There is no statistical difference between the study groups (Fried- 
man x2-test). 


this represented a 56% reduction in the average 
fentanyl use per hour in patients receiving PCEA. 
There were no significant complications resulting 
from this study. Transient fetal bradycardia devel- 
oped in one patient in the CEI group, which resolved 
with repositioning and treatment with oxygen. One 
newborn from each of the PCEA and CEI groups had 
fetal meconium aspiration without untoward se- 
quelae. There were no instances of prolonged hypo- 
tension or respiratory depfession in either study 
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Figure 3. Cephalad extent of sensory blockade (average of bilateral 
a ea dermatomes) after institution of epidural analgesia and 
subsequent 5 h. Each circle or square (median) with double bars 
(range) represents 8-20 patients. There is no statistical difference 
between the study groups (Friedman x7-test). 


group, but one patient in the CEI group experienced 
moderate pruritus. 


Discussion 


We found a 47% decrease in the average hourly dose 
of bupivacaine required to achieve analgesia using 
demand-dose PCEA as compared with fixed-rate CEI 
of the same solution. Despite this decrease, there 
were no corresponding alterations in the degree of 
motor blockade or in the extent of sensory anesthesia. 

Previous studies comparing CEI with PCEA for 
analgesia of labor and delivery have used the contin- 
uous infusion plus demand-dose mode of PCEA 
(3,4). Gambling et al. (3), using 0.125% bupivacaine 
and no fentanyl, demonstrated a 26% decrease in 
dose with PCEA as compared with fixed-rate CEI, 
with no corresponding changes in motor or sensory 
blockade. Lysak et al. (4) used the continuous infu- 
sion plus demand-dose mode of PCEA to compare 
groups receiving: (a) 0.125% bupivacaine, (b) 0.125% 
bupivacaine with fentanyl (1 g/mL), and (c) 0.125% 
bupivacaine, fentanyl (1 pg/mL) and 1:400,000 epi- 
nephrine, with physician-controlled CEI using 
0.125% bupivacaine. Patient-controlled epidural an- 
algesia with plain bupivacaine had no “‘dose-sparing” 
effect. The addition of fentanyl modestly decreased 
hourly infusion requirements. The authors attributed 
this to a previously described (5,7) potentiating effect 
of fentanyl in reducing hourly bupivacaine use. 

We may reconcile the results of these three studies 
by examination of individual study designs. 


PCEA Mode 


If the literature on patient-controlled analgesia is 
examined with respect to intravenous opioid admin- 
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istration in the continuous infusion plus demand- 
dose mode, there are no strict recommendations as to 
the optimal rate of background infusion (8-12). 

With a ratio of hourly background infusion dose/ 
maximum hourly total dose of 0.25, Owen et al. (10) 
were unable to demonstrate improved analgesic ef- 
fectiveness over traditional demand-dose patient- 
controlled analgesia using intravenous morphine. 
Furthermore, patients in the continuous infusion 
plus demand-dose group received on the average 
more than twice the total dose of morphine of the 
demand-dose group (73.8 vs 33.9 mg) (10). Sinatra et 
al. (11) attributed the improved analgesic effect in 
their continuous infusion plus demand-dose group to 
a reduction in the background infusion rate (hourly 
background infusion dose/maximum hourly total 
dose ratio of 0.07). The total opioid administration 
was comparable between both modes of patient- 
controlled analgesia. 

According to the protocol of Lysak et al. (4), 30% of 
the maximum 1-h dose was supplied by the back- 
ground infusion in the PCEA group. Furthermore, 
the background infusion rate of the PCEA group was 
set at approximately 40% of the CEI group’s infusion 
rate. 

The results of intravenous dosing with opioids 
under patient control may not be directly comparable 
to epidural dosing with local anesthetics. However, 
the use of the continuous infusion plus demand-dose 
mode is a hybrid of “pure” patient-controlled anal- 
gesia and physician-controlled analgesia. Use of 
larger background infusion rates places the modality 
more in the classification of physician-controlled an- 
algesia rather than of patient-controlled analgesia. In 
the Lysak et al. study, the ratio of hourly background 
infusion dose/maximum hourly total dose was rather 
high (0.3). Thus, the study of Lysak et al. may have 
compared, in actuality, variants of physician- 
controlled analgesia. This may explain the inability to 
demonstrate significant dose-sparing effects with 
PCEA. 


Fixed Versus Variable-Rate Continuous 
Epidural Infusions 


Closely supervised analgesia with intramuscular opi- 
oids can mimic intravenous patient-controlled anal- 
gesia, become on demand, and produce equivalent 
analgesia (13,14). However, though analgesia may be 
equivalent, the resultant effects on analgesic require- 
ments remain unsettled (13-15). In the study of Lysak 
et al. (4), CEI was adjusted hourly in contrast to the 
fixed rate used in the present study and in that of 
Gambling et al. (3). Close physician attentiveness and 
adjustment of infusion rate in the CEI group may 
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Table 2. Comparison of Epidural Analgesic Requirements During Labor for Continuous Epidural Infusion and for 
Patient-Controlled Epidural Analgesia“ 


Bupivacaine (mg) 


Variables CEI PCEA 

Initial bolus 

At time of catheter placement 51.8 Ł 1.7 53.6 + 1.4 
Subsequent boluses 

First stage 2.6 + 1.3 7.9 27 

Second stage 3.4 + 1.6 2.6 +15 
Total cumulative use 76.1 + 8.5 42.2 + 5.9 
Cumulative hourly usage 

First stage 15.8 + 0.6 8.8 + 1.1 

Second stage 17.2 +1,2 6.8 + 1.2 

Combined 16.2 + 0.8 8.6 + 0.9 


Fentanyl (ug) 

P CEI PCEA P 
NS a ma =e 
NS can = -= 
NS — = mas 

<0.003 112.1 + 12.1 50.8 + 7.6 <0.0002 
<0.0002 23.9 + 0.5 10.5 + 1.3 <0.0002 
<0.0002 23.5 + 0.6 8.3 + 1.4 <0.0002 
<0.0002 23.4 + 0.6 10.2 + 1.0 <0.0002 


NS, not significant. 
“All analyses by t-test, valucsiaiemean at 


have. duplicated the on-demand nature of PCEA. 
However, the resultant effects on analgesic require- 
ments remain speculative. 

In the present study, prompt initiation of CEI after 
the initial dose of 0.5% bupivacaine could have over- 
estimated the amount of bupivacaine necessary for 
analgesia in the CEI group. Medication was.automat- 
ically infused during the 60-90 min of anesthesia 
attendant with the initial dose of 0.5% bupivacaine. 
In contrast, the PCEA group controlled the onset of 
supplemental medication after initial dosing. Simi- 
larly, infusion rates less than 12 mL/h could have 
been used in the CEI group. All these practices are 
standard for management of CEI at our institution, 
however. 

The CEIs for labor and delivery are set at levels 
that prevent pain, even when it is most intense; thus, 
CEIs represent a-relative overdose when pain is less 
severe. Although -not statistically significant, the 
trend toward higher sensory levels, greater motor 
blockade, and fewer supplemental injections of bu- 
pivacairie in the CEI group further suggests the 
notion of relative overdose. Viewed in this context, it 
is not entirely surprising that analgesic requirements 
decrease when the patient is ih control. 

' In summary, a significant dose-sparing effect was 
seen with the use of demand-dose PCEA as com- 
pared with fixed-rate CEI in a randomized, double- 
blind, placebo-controlled trial for analgesia during 
labor ahd delivery. We speculate that the dose- 
sparing effect was attributable to the use of the 
demand-dose mode of PCEA, ie, without provision 
of a background infusion. This reduction in analgesic 
use was accomplished, however, without improved 
analgesic efficacy or reduction in degree of motor 
blockade. However, as the anatomy and physiology 
of nociception are unique for pain of labor and 
delivery, we cannot assume that the findings of this 


study will generalize to epidural anesthesia/analgesia 
in other clinical settings. 

So far, all studies involving PCEA for labor arid 
delivery have been unable to demonstrate improved 
arialgesic effectiveness as compared with CEI. Im- 
proved analgesia with PCEA may need to await 
determination of the volume-concentration relations 
of the demand dose and the influence of the duration 
of the lockout interval with respect to local anesthet- 
ics. Although this study suggests that analgesic re- 
quirements during labor and delivery may be re- 
duced with démand-dose PCEA,. further work is 
rieeded to determine the benefit, if any, of various 
background infusion rates for PCEA with local anes- 
thetics. 
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Metoclopramide: An Analgesic Adjunct to Patient- 


Controlled Analgesia 


William H. Rosenblatt, MD, Ann Marie Cioffi, RN, Raymond Sinatra, MD, PhD, 
Lloyd R. Saberski, MD, and David G. Silverman, MD 
Department of Anesthesiology, Yale University School of Medicine, New Haven, Connecticut 


This randomized, double-blind trial evaluated the 
effect of metoclopramide on the pain and analgesic 

ments associated with prostaglandin-induced 
labor for second-trimester termination of pregnancy. 
After receiving intrauterine prostaglandin, seven 
women were given intravenous metoclopramide 
(10 mg), and eight received saline, concurrent with 
initiation of patient controlled analgesia (PCA). 
Group differences were assessed with serial visual 
analogue scale for pain, interval PCA-morphine con- 
sumption, and time fo fetal delivery. The metoclopra- 
mide group used 54% less PCA morphine (24.1 vs 


duce second-trimester abortion results in in- 

creased uterine tone with superimposed intermit- 
tent contractions (1). Beginning 30-120 min after 
injection, the patient typically describes a cramping 
pain similar to that of natural labor but witha more 
unremitting course (1). As many as 81% of patients 
undergoing this procedure require analgesic therapy, 
which traditionally has been provided in the form of 
parenteral narcotics (2). The abortion nua occurs 
5-24 h after injection (3-5). 

The following study was undertaken to evaluate 
metoclopramide as an analgesic adjunct i in this set- 
ting. Metoclopramide provides analgesia for renal 
colic and improves analgesia when used for the 
treatment of narcotic-induced nausea during labor 
(6,7). This analgesic effect of metoclapramide in the 
genitourinary tract may be attributed to its antago- 
nism of the dopamine receptor as well as its cholin- 
ergic activity, which reduces smooth muscle spasm 
and increases effective peristaltic action (8). 


[iee secon: injection of prostaglandin F,, to in- 
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52.0 mg), had lower visual analogue scale scores, and 
interval morphine consumption at 2, 4, and 6 h after 
PCA had been initiated, as well as earlier delivery of 
the fetus when compared with the control group (P < 
0.05). We conclude that a single doge of metoclopra- 
mide reduces the pain and PCA-morphine require- 
ments of patients undergoing prostaglandin-induced 
labor and may facilitate passage of the fetus. Meto- 
clopramide may have a similar application in treating 
other types of Bynecologs pain. 

(Anesth Analg 1991;73:553-5) 


Methods 


The study was approved by the Human Investigation 
Committee of the Yale-New Haven Medical Center. 
Informed consent was obtained from 20 adult 
women, ASA physical status II, who had elected to 
terminate their second-trimester pregnancies by in- 
traamniotic injection of prostaglandin F,, (Hemabate; 
Upjohn, 250 ug). Patients were instructed in the use 
of a patient controlled analgesia (PCA) device (Abbott 
Life Care I) and in the use of a visual analogue scale 
(VAS) for pain (0 = no pain, 10 = worst possible 
pain). Subjects were randomized to receive either 
intravenous metoclopramide (10 mg) or an equivalent 
volume of normal saline solution, when a VAS score 
greater than 5 was achieved. Patient-controlled anal- 
gesia (1 mg of morphine every 6 min on demand and 
a constant infusion of 1 mg/h) was initiated 10 min 
after metoclopramide or saline was administered. 
Over the next 14 h, at 2-h intervals, the following 
data were collected: VAS score, interval PCA use and 
total analgesic usage until discontinuation of PCA, 
time of fetal and placental abortions, and time of 
hospital discharge. Differences between the groups in 
VAS scores were analyzed using the Wilcoxon rank 
sum test, and differences in morphine consumption 
by two-factor analysis of variance for repeated mea- 
sures. Other variables, including demographics, 
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Visual Analog Scale 





N 
. 


0-2h 2-4 
Time after Initiation of PCA 
Figure 1. Visual analogue scale scores before and at 2-h intervals 


after initiating patient-controlled analgesia therapy. Bars represent 
one standard deviation. 


were analyzed using unpaired t-test and Fisher’s 
exact test. A P value of less than 0.05 was considered 
statistically significant. Data are presented as mean + 
sD. i 


Results 


Of the 20 patients studied, five were not included in 
analysis because of incomplete data. Of the remain- 
ing subjects, seven received metoclopramide and 
eight received normal saline solution. The two 
groups were similar with regard to age, weight, 
parity, previous gynecologic or other abdominal sur- 
gery, gestational age, reason for choosing abortion 
(e.g., elective, genetic disease), and VAS score before 
initiating PCA. All patients were alert and responsive 
during the course of the study. 

The metoclopramide group reported significantly 
lower VAS scores during the first 6 h (Figure 1) (P < 
0.05). Subsequent to this time there was no further 
significant difference in VAS scores between groups. 
The metoclopramide group also used significantly 
less morphine over the first 6 h (3.1 + 3.2 vs 7.5 + 
4.4 mg/2 h) (Figure 2) and less total morphine until 
PCA was discontinued (24.1 + 15.2 vs 52 + 12.3 mg) 
(P < 0.05). Arialysis of the final 8 h of the study 
period was hindered by a loss of power, as patients 
completed the abortion and PCA was discontinued. 
The lower cumulative total dose of morphine was in 
part influenced by the fetus being aborted earlier 
(7.2 + 3.2 vs 15.3 + 9.3 h) in the group receiving 
metoclopramide (P < 0.05). No statistically significant 
differences were found with regard to time of placen- 
tal abortion or hospital discharge, doses of antiemetic 
medication (droperidol) administered on demand, or 
number of prostaglandin E suppositories needed (as 
dictated’ by hospital procedural guidelines for de- 
layed onset of ‘uterine contractions). 
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Metoclopramkie 
SSS Placebo 
14 *P < 0.05 


mg PCA-Morphine/2 h Intervals 





„24 h 


Time after Intlation of PCA 


Figure 2. Self-administered morphine dose, presented at 2-h in- 
tervals, for the first 6 h of patient-controlled analgesia therapy. Bars 
represent one standard deviation. 


Discussion 


Metoclopramide is a central and peripheral dopamine 
antagonist with peripheral cholinergic properties. It 
opposes the gastrointestinal inhibitory effects of the 
specific dopamine agonist apomorphine and acceler- 
ates gastric emptying and intestinal peristalsis (9). 
Metoclopramide’s major clinical uses have included 
increasing the resting tone of the lower esophageal 
sphincter, accelerating gastric emptying, reducing 
postsurgical gastroparesis and postlaparotomy nau- 
sea and vomiting, and improving food tolerance in 
patients with postoperative ileus (9). More recently, 
metoclopramide has been found to have diagnostic 
and therapeutic applications in urology (6,10,11). 

In the present study, metoclopramide was associ- 
ated with a significant reduction in the pain associ- 
ated with induced labor. Furthermore, there was a 
reduction in the analgesic requirements and acceler- 
ated delivery of the abortus. We speculate that the 
cramping pain of prostaglandin-induced labor may 
be due to uterine and/or fallopian tube incoordinate 
muscular contraction (i.e., spasm). As in the gastro- 
intestinal and urinary tracts, metoclopramide may 
restore normal peristaltic function to this smooth 
muscle system, thereby reducing the discomfort at its 
source and providing an improved expulsive force. 
There is evidence to suggest such a role for dopa- 
mine-receptor antagonism in this setting. (a) Dopam- 

ine receptors have been identified along the length of 
the human fallopian tube, and the in vitro application 
of dopamine in the sow oviduct has been shown to 
depress normal peristaltic activity (8,12). (b) Dopa- 
mine antagonism with metoclopramide has been 
shown to stimulate human ureteral peristalsis and 
canine detrusor and ‘urethral’ sphincter activity 
(10,13). (c) Clinically, metoclopramide is efficacious in 
the treatment of renal colic (6,11). (d) A previously 
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reported, incidental finding of Vella et al. was that 
patients receiving meperidine and metoclopramide 
(for antiemetic therapy) during spontaneous labor 
had significantly lower pain scores than those receiv- 
ing meperidine and promethazine (7). 

In our study there were no significant differences 
in pain scores or analgesic received after 6 h and no 
difference in the placental delivery time. This may be 
due to a decline in the plasma level of metoclopra- 
mide, which has a half-life of 4-5 h (9,14). 

In conclusion, our data indicate that metoclopra- 
mide effectively reduces the pain of prostaglandin- 
induced labor. This was associated with a more rapid 
delivery of the fetus. 


We thank Terry O’Connor for assistance with statistical analysis, 
Kristina Knobelsdorffor for editorial help, and Tracy Carafeno, RN 
DeAwngellice Gore, RN, and Krys Dobranowski, RN, for excellent 
nursing care. 
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Prevention of the Cardiovascular and Neuroendocrine 
Response to Electroconvulsive Therapy: I. Effectiveness of 
Pretreatment Regimens on Hemodynamics 


Matthew B. Weinger, MD, Brian L. Partridge, MD, DPhil, Richard Hauger, MD, 


and Arvin Mirow, MD 


Departments of Anesthesiology and Psychiatry, University of California, San Diego, and Department of Veterans Affairs 


Medical Center, San Diego, California 


Electroconvulsive therapy (ECT) under anesthesia is 
associated with hypertension and tachycardia. The 
cardiovascular effects of ECT were studied after pre- 
treatment of 10 patients with esmolol (1.0 mg/kg), 
fentanyl (1.5 g/kg), labetalol (0.3 mg/kg), lidocaine 
(1.0 mg/kg), and saline solution (control), using a 
double-blind, randomized block-design. Each patient 
received all five pretreatment regimens over the 
course of five ECT sessions. During control studies, 
arterial blood pressure and heart rate increased sig- 
nificantly in all patients after ECT (P < 0.05 and P < 
0.01, respectively). The rate-pressure product in- 
creased by an average of 336% + 14% (P < 0.01). 
There were appreciable individual differences in the 
cardiovascular response to ECT, independent of pre- 
treatment (P < 0.01). Pretreatment with esmolol and 


used for patients with major affective disor- 

ders. However, ECT may be associated with 
significant cardiovascular morbidity and mortality 
(1-3). For example, 35 cardiac arrests during ECT 
were reported in California from 1974 through 1983 
(2), and cardiovascular mortality has been reported to 
be as high as 0.03% (3). The cardiac morbidity of ECT 
is usually due to arrhythmias and lability of arterial 
blood pressure (BP) resulting in myocardial infarc- 
tion, congestive heart failure, cardiac arrest, and/or 
cerebrovascular accidents. The hemodynamic lability 
probably results from sympathetic and parasympa- 


ised for paten therapy (ECT) is frequently 
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labetalol significantly reduced the hemodynamic re- 
sponse to ECT, compared with fentanyl, lidocaine, or 
saline solution (P < 0.05). Esmolol attenuated arterial 
blood pressure to a larger extent than did labetalol 
(P < 0.05). Compared with saline solution (control), 
pretreatment with labetalol, fentanyl, or lidocaine 
significantly reduced seizure duration (P < 0.05) and 
increased the frequency with which a second electri- 
cal stimulus was required. In contrast, esmolol pre- 
treatment did not significantly affect seizure dura- 
tion. Esmolol (1 mg/kg), administered 1 min before 
induction of anesthesia, produced significant amelio- 
ration of the cardiovascular response to ECT with 
minimal effect on seizure duration. 

(Anesth Analg 1991;73:556-62) 


thetic outpouring after the administration of the 
electric shock and the resultant seizure. Electrocon- 
vulsive therapy is a strong stimulus for sympathetic 
and adrenomedullary catecholamine release. Three- 
fold to 15-fold increases in serum levels of norepi- 
nephrine and epinephrine after ECT were demon- 
strated in the study of Gravenstein et al. (4). 

A number of drug regimens have been suggested 
to prevent or to ameliorate the hemodynamic re- 
sponse to ECT. Recommended pretreatment regimens 
to block the ECT-induced hypertensive response in- 
clude trimethaphan (5), sodium nitroprusside (6,7), 
Diazoxide (8), hydralazine (7), nitroglycerin (3), esmolol 
(9,10), and labetalol (11). Similarly, prevention of ECT- 
induced arrhythmias has been attempted with pretreat- 
ment using lidocaine (12,13) and propranolol (14-16). 
The new -adrenoceptor antagonists esmolol and labe- 
talol have not been systematically investigated for the 
latter purpose. 

Unfortunately, the administration of adjuvant car- 
diovascular drugs may shorten seizure duration, 
thereby potentially diminishing the therapeutic effec- 
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tiveness of ECT. Seizures lasting less than 20 s are 
generally without therapeutic benefit (17). Seizure 
duration is reduced by barbiturates (18), propofol 
(19), lidocaine (20), and diazepam (21). The effect of 
B-adrenergic blockers such as propranolol (14,15) and 
esmolol (9,10,22) on seizure duration is controversial. 

Thus, although it is desirable to prevent the car- 
diovascular responses to ECT, the proper choice of a 
premedication to accomplish this remains unclear. 
The purpose of this study was to rigorously compare 
four previously advocated pretreatment regimens 
(esmolol, fentanyl, labetalol, and lidocaine) with re- 
spect to their effects on cardiovascular hemodynam- 
ics and seizure duration during ECT, using a double- 
blind, randomized, placebo-controlled, crossover 
design. The neuroendocrine (catecholamines, ACTH, 
cortisol, and vasopressin) responses to ECT were also 
examined (23). 


Methods 


After obtaining Human Subjects Committee approval 
and patients’ informed consent, 10 patients were 


studied during five sequential ECT treatments ad-- 


ministered on a three times per week schedule. 
Electroconvulsive therapy treatments were per- 
formed in the postanesthesia care unit at the San 
Diego VA Medical Center. 

All patients received their usual chronic medica- 
tions (such as antidepressants) in the morning before 
each ECT session. No patient was receiving chronic 
antihypertensive therapy at the time of hospital] ad- 
mission or during the study. Patients were brought to 
the postanesthesia care unit where they were moni- 
tored with a precordial stethoscope and pulse oxime- 
ter. In addition, continuous records were made of 
arterial BP (both by Finapres continuous finger BP 
and by Dynamap BP), five-lead electrocardiogram 
(ECG), instantaneous heart rate (HR), and electroen- 
cephalogram (EEG) (one channel, midline forehead 
to right mastoid). An intravenous catheter was in- 
serted, and adequate intravascular volume status was 
assessed clinically. Tilt tests were used as needed to 
confirm normovolemia. After baseline BP and HR 
measurements were made, patients breathed oxygen 
through a mask for 5 min. 

Each patient then received intravenous injection of 
two coded syringes (A and B) before induction of 
anesthesia. Both syringes were prepared in advance 
by an individual not involved in the study. One of the 
two syringes always contained only saline solution; 
the other, a study drug. This was done to maintain 
blinding of the study solutions despite the longer 
onset times of labetalol and fentanyl. Thus, fentanyl 
(1.5 pg/kg) and labetalol (0.3 mg/kg) were adminis- 
tered 5 min before induction of anesthesia, whereas 
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esmolol (1 mg/kg) and lidocaine (1 mg/kg) were 
administered 1 min before induction. Doses of the 
study drugs were chosen based on the literature 
(9-12) and on previous clinical experience. 

Using a cross-over design, each patient received 
each study drug on a single occasion for a total of four 
treatment sessions. In addition, each subject also 
underwent a fifth (control) study in which two saline 
placebo injections were used. The order of the treat- 
ments was determined by a random table prepared 
before the study of the first patient. Drugs were 
drawn up fresh in normal saline solution to achieve a 
total volume of 10 mL. All persons present at the ECT 
session were blinded to the identity of the study 
drugs. The BP, HR, and EEG tracings were analyzed 
later by an individual who was also blinded to treat- 
ment regimens. 

Each patient received one to three ECT treatments 
before entering the study. This allowed determina- 
tion of the most appropriate doses of methohexital 
and succinylcholine for anesthetic induction as these 
doses vary between patients (3). Once doses of meth- 
ohexital and succinylcholine sufficient to produce 
anesthesia and paralysis without prolonged awaken- 
ing time had been chosen, these doses were used 
throughout the study. Methohexital and succinylcho- 
line doses in this study ranged from 0.8 to 1.5 mg/kg 
(1.2 + 0.06 mg/kg, mean + sEM) and from 0.56 to 
1.0 mg/kg (1.04 + 0.06 mg/kg), respectively (Table 1). 

Five minutes after administration of the first sy- 
ringe (A) and 1 min after administration of the sec- 
ond syringe (B), anesthesia was induced with the 
preestablished dose of methohexital. When the pa- 
tient became unresponsive, ventilation was assisted 
by mask; and an arterial BP cuff was inflated to 
300 mm/Hg on one calf to isolate the limb (24). The 
patient then received succinylcholine; and after fas- 
ciculations occurred, a mouth guard was inserted. 
The patient’s lungs were hyperventilated for 30 s (25). 
Unilateral ECT was then performed using a Thyma- 
tron ECT machine (Somatics, Inc.). The ECT machine 
settings (charge 504 mC, current 0.9 A, frequency 
70 Hz, pulsewidth 1.00 ms, and duration 4 s) were 
not adjusted during the study. If no seizure occurred 
after the stimulus, a second (and on one occasion a 
third) stimulus was administered 2 min later. 

Systolic, diastolic, and mean BPs, HR, seizure 
duration (both EEG and observed isolated limb), and 
time from anesthetic induction to spontaneous ven- 
tiation and awakening (response to verbal com- 
mands) were recorded. In addition, for each ECT 
treatment, rate-pressure product (RPP) was calcu- 
lated. 

Except where noted, data were analyzed by two- 
way repeated measures analysis of variance, with 
significant interactions investigated by Neumann- 
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Table 1. Patient Characteristics 


Age Weight Medical Methohexital Succinyl- 
Patient (yr) (kg) history (mg/kg) choline (mg/kg) 
1 57 60 COPD 1.3 1.1 
2 63 85 CAD/ 0.82 0.98 
HIN 
3 74 90 CAD/ 1.3 1 
HTN 
4 59 68 None 12 0.88 
5 43 62 None 1.1 0.96 
6 100 None 1.3 0.68 
7 74 71 None 1.1 1.4 
8 47 73 None 1.4 Tt 
9 64. 66 None 1.5 1.2 
16 45 81 None 1 1.1 
Mean 55.40 75.60 1.20 1.04 
SEM 4.63 4.12 0.06 0.06 
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Time to Mean Mean Mean increase Mean increase 
awakening starting SBP starting HR in SBP in HR 
(s) (mm Hg) (beats/min) (mm Hg) (beats/min) 
447 167 65 31 23 
370 131 73 85 66 
302 152 68 74 36 
221 141 86 50 33 
331 123 54 46 41 
258 95 66 16 24 
342 151 70 80 35 
432 116 48 20 20 
304 150 78 38 53 
406 131 57 3 20 
341.30 135.70 66.50 44.30 35.10 
23.02 6.64 3.59 8.93 4.77 


COPD, chronic obstructive airway disease; CAD, coronary artery disease; HTN, hypertension. 


Keuls tests (26). P < 0.05 was considered significant. 
Data are presented as mean + SEM. 


Results 
Control Studies 


Patient characteristics are presented in Table 1. Pa- 
tients differed significantly in their preanesthetic BP 
and HR values (P < 0.001). However, all initial 
(control) BP and HR values were within the normal 
range. Therefore, all subsequent BP and HR values 
were expressed as percentage of control BP or HR 
rather than absolute values. 

During control studies, ECT significantly increased 
arterial BP and HR in every patient. Transient in- 
creases in systolic BP to as high as 313 mm Hg were 
recorded. The rate-pressure product immediately af- 
ter seizure increased by 336% + 14% (P < 0.01). In 
addition, a large number of ECG abnormalities were 
seen, including ventricular arrhythmias, ST segment 
changes, and sinus pauses (lasting up to 4s). Patients 
differed in their propensity to respond to ECT with 
ECG changes. Within the next few minutes, BP and 
HR decreased to near control levels and ECG normal- 
ized. However, on emergence from anesthesia, BP 
but not HR increased again, sometimes to values 
larger than those seen immediately after ECT (Figure 
1). At this time, RPP increased to an average of 223% 
+ 24% above control (P < 0.01). 

Seizure duration, as measured by EEG, correlated 
well with that observed for isolated limb myoclonic 
activity (Figure 2). In general, the electrical manifes- 
tations of the seizure were present for 5-8 s longer 
than limb movement. Treatment groups were not 


significantly different. The EEG was used as the 
dependent variable for seizure duration in subse- 
quent analyses. : 


Interindividual Variation 


Hemodynamic response to ECT, reflected by in- 
creased systolic BP or HR varied considerably be- 
tween patients (P < 0.001), with mean increases in BP 
of 155% + 3% (P < 0.05 compared with baseline) and 
in HR of 164% + 9% (P < 0.01). There were no 
differences in the HR or BP response to ECT associ- 
ated with the order of drug treatment. There were 
significant interpatient differences in the time from 
induction of anesthesia to awakening (P < 0.05), 
although this was not related to methohexital dose 
(Table 1). Patients differed significantly in seizure 
duration (P < 0.01) and in awakening time. As 
described by Sackeim et al. (27), the seizure elicited 
during the first ECT session (55 + 13 s) was signifi- 
cantly longer in duration than the seizures during the 
last two ECT sessions (32 + 3s, P < 0.05, Fisher least 
significant difference procedure). 


Effectiveness of Pretreatment Drugs 


There were no differences between treatment groups 
in initial BP, HR, or in time to awakening (Table 2). 
Significant differences were noted, however, in sys- 
tolic and mean BPs, HR, and RPP between the five 
premedication regimens (P < 0.01). There were sig- 
nificantly smaller increases in systolic BP after es- 
molol pretreatment than after fentanyl or saline pre- 
treatment (P < 0.05) (Figure 3). Both esmolol and 
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Figure 1, Unmodified respanses to ECT. Shown are the average 
responses of 10 patients receiving saline control (SD A and SD B) 
pretreatments. A shows the response of arterial blood pressure 
(mean + sEM), B shows the heart rate response, and C shows the 
rate-pressure product. Significant increases, indicated by asterisks, 
were seen both at the time of the seizure (p-sz) and during 
emergence from anesthesia. In addition, heart rate increased sig- 
nificantly immediately after induction of anesthesia (ind). p-ict = 


post ictal. 


labetalol significantly attenuated, to an equivalent 
degree, the tachycardia seen after saline, fentanyl, or 
lidocaine pretreatments (P < 0.01). Similarly, the 
increase in RPP after ECT was significantly dimin- 
ished by both labetalol and esmolol compared with 
fentanyl, saline solution, or lidocaine (P < 0.01). 

The hemodynamic response on awakening was 
similarly attenuated by the different pretreatment 
regimens in a manner similar to their effect after 
seizure. Esmolol’s effectiveness was, however, less 
pronounced, and the HR response in esmolol- 
pretreated individuals was not different from that of 
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Figure 2. Seizure duration after drug pretreatments. Seizure du- 
ration as measured by single-channel EEG and as visualized by the 
isolated limb technique. Shown are nses for each of the four 
drug pretreatments (labetalol [Lab], fentanyl [Fent], esmolol [Esm], 
and lidocaine [Lido]) and saline (Sal). The seizure as measured by 
EEG was usually 5-8 s longer than that measured by observation of 
the isolated limb. 


control patients. This was consistent with the finding 
that HR did not increase significantly in control 
patients during emergence. 

When seizure duration was examined as a function 
of drug pretreatment, there was a significant treat- 
ment effect (P < 0.05). Compared with saline solu- 
tion, labetalol, lidocaine, and fentanyl significantly 
decreased seizure duration whereas esmolol had no 
significant effect (Table 3). Compared with either 
fentanyl or labetalol, lidocaine resulted in signifi- 
cantly shorter duration of seizures (P < 0.05). Six of 
10 patients pretreated with lidocaine required addi- 
tional electrical shocks to induce a seizure, whereas in 
patients pretreated with esmolol and with labetalol or 
fentanyl only one and two, respectively, required 
additional electrical shocks (P < 0.05, x test). 


Discussion 
This double-blind, randomized, placebo-controlled 
study demonstrates that the new f-adrenergic block- 
ers labetalol and esmolol significantly attenuate the 
cardiovascular response to ECT. In contrast, at the 
doses studied, neither lidocaine nor fentanyl pre- 
treatment had comparable ameliorating effects. . In 
addition, esmolol did not significantly shorten sei- 
zure duration, whereas the other three pretreatment 
e did aeee affect the 'herapeulie benefit 
of E 

The elicitation of a seizure is dassicaliy thought to 
produce an intense parasympathetic discharge that 
can result in transient bradycardia or even asystole 
(3,4). During the present study, there was one clini- 
cally significant episode of sinus arrest out of 50 
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, Heart rate Systolic blood pressure 
Time to a Rate-pressure product 
awakening Starting After seizure Starting After seizure a 
Treatment n (min) (beats/min) (beats/min) (mm Hg) (mm Hg) Starting After seizure 
Labetalol 10 318 + 28 65+ 3 85 + 6 134 +7 179 + 15 8,026 + 626 15,719 + 1,905 
Fentanyl 10 330 + 70 68 + 4 16:23 130 + 9 183 + 14 8,914 + 747 21,706 + 2,565 
Esmolol 10 339 + 39 6/7 205 97 +7 142 + 10 175°. 11 9.769 + 1327 17,369 + 2,092 
Lidocaine 10 347 + 47 65 + 4 99 +9 135 + 9 187 + 16 8,832 + 862 17,924 + 3,095 
Saline solution 10 372 + 29 71i+4 is 22 136 +7 196 + 13 9,749 + 818 23,561 + 2,843 
Values are mean + SEM. 
treatments examined. Others have recommended A 


routine administration of anticholinergic drugs (28- 
30) before induction of anesthesia. In contrast to 
Kovak et al. (9), vagolytic premedication was not 
used in the present study because it would have 
made interpretation of the data more difficult. 

After the circumscribed period of primarily vagal 
activity, which does not always occur, sympathoad- 
renal tachycardia occurs. This is thought to arise 
initially from direct adrenergic outflow through para- 
vertebral sympathetic ganglia but is sustained by 
catecholamines released from the adrenal medulla 
(4,31). Marked tachycardia is frequently associated 
with ECG abnormalities, most commonly premature 
ventricular beats (28) and transient T-wave alterations 
(32,33). Although the incidence of T-wave changes is 
higher in patients with preexisting cardiac disease 
(31), it is controversial whether this represents car- 
diac ischemia (32,33). 

We have observed systolic BP larger than 
300 mm Hg in patients receiving ECT. The present 
data are consistent with previous studies showing 
that systolic hypertension was more pronounced 
than diastolic hypertension after ECT (34). In the 
patients studied, a secondary hypertensive response 
was observed at the time of emergence. This second 
increase in BP has not been reported previously, 
possibly because close monitoring of patients has 
been discontinued at the time of emergence. 

A number of premedications have been proposed 
to blunt the hemodynamic response to ECT (5-11). 
However, it has been difficult to evaluate the relative 
efficacy of these techniques as most appear in the 
literature as case reports. In addition, although some 
studies have compared pretreatment agents with 
control treatment, no previous study has compared 
several different pretreatment agents with each other 
(5,7,9-11). 

This study was designed to compare single “best” 
doses of individual drugs. The drug doses studied 
were chosen based both on previous studies (9-12) 
and on our past clinical experience. The intent was to 
choose one dose of each drug that would have a 
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Figure 3. Effect of drug pretreatments on systolic blood pressure 
(A), heart rate (B), and rate-pressure product (C). Shown are mean 
maximum values during the seizure as a proportion of control 
(preoperative) values calculated individually for each patient and 
then averaged. Values for labetalol (LAB), fentanyl (PENT), es- 
molol (ESM), lidocaine (LIDO), and saline (SAL) are shown. An 
asterisk indicates significance (P < 0.05) compared with preopera- 
tive values. Esmolol significantly ameliorated the blood pressure 
response to ECT. Both labetalol and esmolol significantly attenu- 
ated the HR response and the rate-pressure product. 
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Table 3. Effect of Pretreatment on Seizure Length 


Seizure No. of 
duration No. requiring inadequate 
Treatment (s) second stimulus seizures 
Labetalol 36.9 + 4.5" 2 1 
Fentanyl 43.6 + 4,1° 2 0 
Esmolol 45.8 + 5.9 1 0 
Lidocaine 26.5 £ 7.7 6 3 
Saline solution 56.5 + 12.5 0 0 


“Significantly different from control values (P < 0.05). 


recognizable effect, would not result in significant 
cardiovascular depression before ECT, and would not 
delay awakening after ECT. These goals appeared to 
be met with the doses tested. No drug significantly 
altered pre-ECT hemodynamics or post-ECT awaken- 
ing times. Esmolol and labetalol, but not lidocaine or 
fentanyl, significantly ameliorated the cardiovascular 
responses to ECT. Nevertheless, different doses may 
have produced slightly different results and complete 
dose-response curves for each drug would have per- 
mitted more definitive conclusions. 

In this study, in contrast to the effects of the other 
pretreatment agents, esmolol did not significantly 
shorten seizure duration. In one previous study in 
which patients were tested repeatedly, esmolol ap- 
peared to decrease seizure duration (10); whereas in 
another study, no effect was seen (9). However, in 
both studies, considerably larger doses of esmolol 
were used. It is possible that, in the present study, a 
larger patient sample size would have demonstrated 
a significant reduction in seizure duration. Esmolol 
appears to have general anesthetic properties (35), 
and this would presumably affect seizure duration if 
a sufficient dose were given. However, in a study that 
used a larger dose of esmolol (10), seizure duration 
was only modestly reduced and did not jeopardize 
the therapeutic efficacy of ECT. 

Any study measuring the seizure duration after 
ECT should control for the possible effects of drug- 
induced respiratory depression as hypercarbia de- 
creases seizure duration (25). In the present study, all 
patients were hyperventilated before the ECT shock. 
Of the drugs tested, fentanyl might have been ex- 
pected to produce the greatest degree of ventilatory 
depression and, thereby, should have decreased sei- 
zure duration the most. Yet, this was not the case. On 
the other hand, lidocaine, at the dose studied, pro- 
duced the greatest reduction in seizure duration, a 
result consistent with previous studies (14,20). Labe- 
talol also significantly reduced seizure duration. 
Smaller doses of labetalol might have had less effect 
on seizure duration but may not have produced 
equivalent blunting of the cardiovascular response. 

.Esmolol has a rapid onset and short duration, is 
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readily available on most anesthesia carts, and reli- 
ably blunts the cardiovascular response to the initial 
seizure. Thus, when unacceptable cardiovascular re- 
sponses to ECT occur, a single bolus of esmolol 
should rapidly control BP and HR. One previous 
study (9) used a bolus of esmolol followed by a 
continuous infusion and another used an infusion 
alone (10), but this approach may be unnecessarily 
complex for what is a very brief period of patient risk. 
In conclusion, esmolol (1.0 mg/kg) administered 
1 min before induction of anesthesia for ECT signifi- 
cantly reduced the cardiovascular response to a 
greater extent than did fentanyl, lidocaine, or saline 
control without adversely affecting seizure duration. 
Although labetalol (0.3 mg/kg given 5 min before 
induction) also significantly blunted the cardiovascu- 
lar response to ECT, seizure duration was reduced. 


The assistance of the nurses from the Psychiatry Service and the 
Post-Anesthesia Care Unit is gratefully acknowledged. David 
Kon’s assistance with the data processing was invaluable. 
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The neuroendocrine response to electroconvulsive 
therapy (ECT) was assessed in four patients after 
pretreatment with esmolol (1.0 mg/kg), fentanyl 
(1.5 g/kg), labetalol (0.3 mg/kg), and saline solution 
(control). Each patient received each drug pretreat- 
ment using a double-blind, randomized study block- 
design. During each of the five studies, blood sam- 
ples were obtained from each patient before 
anesthetic induction, before ECT shock, and at 1, 5, 
10, and 30 min after seizure. Samples were subse- 
quently analyzed for epinephrine, norepinephrine, 
adrenocorticotrophic hormone (ACTH), arginine 
vasopressin (AVP), and cortisol. Electroconvulsive 
therapy after saline pretreatment resulted in a 3-fold 
and 15-fold increase in norepinephrine and epineph- 
rine levels, respectively (P < 0.05). The ACTH and 
cortisol levels gradually increased over 30 min, peak- 


lectroconvulsive therapy (ECT) is a frequently 
used therapy for patients with major affective 


disorders but may have significant cardiovas- 
cular morbidity (1). In our accompanying paper (2), it 
was demonstrated that esmolol and labetalol signifi- 
cantly attenuated the cardiovascular response to 
ECT. The mechanism by which ECT produces tachy- 
cardia and hypertension remains to be fully eluci- 
dated. Previous studies have measured catechol- 
amine (3,4) and stress hormone (5) release after ECT. 
However, the effect on neuroendocrine release of 
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ing at values that were two to three times the control 
values (P < 0.05). The AVP levels increased signifi- 
cantly after induction of ECT (P < 0.005) and re- 
mained higher than control levels at 5, 10, and 
30 min. The effect of pretreatments varied. Pretreat- 
ment with esmolol and fentanyl resulted in signifi- 
cant attenuation of the norepinephrine peak after 
seizure (P < 0.05). Only esmolol significantly atten- 
uated ECT-induced epinephrine secretion, whereas 
fentanyl! pretreatment significantly reduced release of 
ACTH after ECT. No pretreatment significantly af- 
fected the elevated AVP or cortisol levels seen on 
emergence or up to 30 min after treatment. The ability 
of esmolol pretreatment to attenuate serum catechol- 
amine release after ECT is consistent with its ability to 
block the cardiovascular responses to ECT. 

(Anesth Analg 1991;73:563-9) 


administering pretreatment drugs to blunt the cardio- 
vascular response to ECT has not been examined. 

The purpose of this study was to compare, using a 
double-blind, randomized, placebo-controlled, cross- 
over design, three previously advocated pretreat- 
ment regimens (esmolol, fentanyl, and labetalol) with 
saline controls with respect to their effects on serum 
catecholamines (epinephrine and norepinephrine) 
and on three markers of the stress response (adreno- 
corticotrophic hormone [ACTH], arginine vasopres- 
sin [AVP], and cortisol) and to correlate these neuro- 
endocrine effects with the hemodynamic response to 
ECT. 


Methods 


After Human Subjects Committee approval and pa- 
tients’ informed consent had been obtained and 
simultaneously with part I of this study (2), five of the 
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Table 1. Medications Before Electroconvulsive Therapy 


Patient Age 
No. (yr) Chronic medications 
1 47 None 
2 74 synthroid 
3 59 Digoxin, Coumadin, Isordil 
4 43 Imipramine 
5 28* Amantadine, Haloperidol 


“Because of technical difficulties in sample collection, this patient's data 
was excluded from analysis. 


10 patients in that study had blood drawn during 
their ECT sessions for measurement of serum cate- 
cholamines and stress hormones. They were studied 
during sequential ECT treatments administered on a 
three times per week schedule. The ECT treatments 
were perfcrmed in the postanesthesia care unit at the 
san Diego VA Medical Center. 

All patients received their usual chronic medica- 
tions in the morning before ECT therapy (Table 1). 
No patient was receiving chronic antihypertensive 
therapy at the time of hospital admission or during 
the study. 

Patients were brought to the PACU where they 
were monitored with a precordial stethoscope and 
pulse oximeter. In addition, continuous records were 
made of arterial blood pressure (BP) (both by Fi- 
napres continuous finger BP and by Dynamap BP), 
five-lead electrocardiogram (ECG), instantaneous 
heart rate (HR), and electroencephalogram (EEG) 
(one channel, midline forehead to right mastoid). An 
intravenous catheter was inserted in each arm (one 
for drug infusion and one for blood drawing), and 
adequate volume status was assured clinically. Tilt 
tests were used as needed to confirm normovolemia. 
After baseline BP and HR measurements were made, 
patients received oxygen through a mask for 5 min. 

The method for blinding the experimental treat- 
ments and the general methods for the study are 
described in detail in part I of this study (2). Simul- 
taneously with BP and HR measurements described 
previously (2), serum was drawn for catecholamine 
and hormone assays in a subset of the 10 patients. 
Cost constraints limited this part of the study to five 
patients. Ideally, assays would have been made for 
each of the five study pretreatments described in (2). 
Because of ethical constraints on the total amount of 
blood that could be sampled from individual patients, 
however, serum samples were obtained for only four 
of the treatments: control, labetalol, esmolol, and 
fentanyl. The following mechanism was used to 
maintain the blinding of the study personnel: control 
(saline solution) samples were obtained during the 
last of the prestudy trials in part I (2). Blood samples 
were then drawn during three of the five study trials, 
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when the unblinded pharmacist who was preparing 
the study drugs determined that esmolol, labetalol, 
or fentanyl were being administered. Thus, partici- 
pants did not know which of three study drugs were 
being administered on the days blood samples were 
drawn and did not know which of two treatments 
were being given on the days when samples were not 
drawn. Additionally, the persons analyzing blood 
samples, BP, HR, and EEG tracings were blinded to 
the study drugs administered (2). 

Blood samples were collected before anesthesia, 
after administration of study drugs and induction of 
anesthesia, and at 1, 5, 10, and 30 min after seizure. 
Samples were stored in ice. Plasma levels of epineph- 
rine, norepinephrine, ACTH, AVP, and cortisol were 
measured for each time period. 

Ten milliliters of whole blood was collected for 
pituitary-adrenal hormone assays in glass Vacutainer 
tubes containing edetic acid that had been chilled on 
ice. An additional 5-mL blood sample was collected 
for catecholamines in ice-cold polypropylene tubes 
containing ethylene glycol tetraacetic acid and gluta- 
thione. Within 30 min of collection, all samples were 
centrifuged at 3000 g (4°C) for 20 min. Aliquots of the 
separated plasma were stored in polypropylene tubes 
at —80°C until assayed. | 


Pituitary-Adrenal Hormone Assays 


ACTH immunoradiometric assay. Plasma ACTH con- 
centrations were measured using a highly sensitive 
immunoradiometric assay (IRMA) developed at the 
Nichols Institute (San Juan Capistrano, Calif.) (6,7). 
This assay uses two antibodies with high affinity and 
specificity for defined regions of the ACTH molecule. 
The monoclonal antibody (Ab(m)), which binds only 
to the N-terminal region of ACTH, was radiolabeled 
with 1I for detection. The polyclonal antibody 
(Ab(p)), which binds only to the C-terminal region of 
ACTH, is coupled to biotin. The sandwich complex is 
completed by the addition of an avidin-coated plastic 
bead. 

After a 20-h incubation, aspiration followed by 
multiple washings of the bead complex resulted in 
the removal of all unbound components from the 
standards, controls, and subject samples. The re- 
maining radioactivity is directly proportional to the 
amount of intact ACTH in the sample. A computer- 
assisted four-parameter logistics data reduction pro- 
gram compares the radioactivity in the samples with 
the dose-response curve and computes the ACTH 
concentration. 

The highest ACTH concentration measurable 
without dilution is approximately 1700 pg/mL, 
whereas the detection limit (assay sensitivity) is 
1.0 pg/mL. The intraassay and interassay variances 
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are approximately 3% and 7%, respectively. When 
added to the zero standard, the ACTH IRMA was 
found to possess no crossreactivity with the ACTH 
fragments ACTH,_19, ACTH,,.24, and ACTH, 39, a- 
and 6-melanocyte stimulating hormone, B-lipotropin 
stimulating hormone, or B-endorphin. 


Cortisol radioimmuncassay. Plasma cortisol concen- 
trations were measured by standard double-antibody 
radioimmunoassay (RIA) (Diagnostic Products, Los 
Angeles, Calif.) using the method of Rolleri et al. (8). 
The intraassay and interassay coefficients of variation 
are 4% and 6%, respectively. The standard range is 
0.3-50 ug/dL with an assay sensitivity of 0.3 g/dL. 


Vasopressin radioimmunoassay. Circulating levels of 
vasopressin were measured with a specific RIA after 
vasopressin was extracted from plasma using an 
amberlite cation exchange method (9,10). The vaso- 
pressin antiserum wes kindly provided by Dr. J. 
Fernstrom (Western Psychiatric Institute and Clinic, 
Pittsburgh, Pa.) and Dr. L. Fisher (University of 
Arizona Health Sciences Center, Tucson, Ariz.). 11- 
Vasopressin was obtained from Dupont-NEN (Bos- 
ton, Mass.). The minimal level of detection is 
0.25 pg/tube and the intraassay coefficient of variation 
is 3%. 


Catecholamine assays. Plasma concentrations of nor- 
epinephrine and epinephrine were measured using 
the single isotope rad:oenzymatic method of Peuler 
and Johnson (11), with modifications previously de- 
scribed (12). 


Data analysis. Data were analyzed by two-way 
repeated-measures analysis of variance with signifi- 
cant interactions investigated by Neumann-Keuls 
tests (13). P < 0.05 was considered significant. Data 
are presented as mean + SEM. 


Results 


Because of technical difficulties, complete serum sam- 
ples could only be obtained from four of the five 
patients. In the middle of one ECT study, the intra- 
venous catheter became dysfunctional, precluding 
blood sampling in one patient. Because of the within- 
subjects study design, this patient had to be excluded 
from the data analysis. 


Norepinephrine and Epinephrine 


Baseline levels of norepinephrine and epinephrine 
were not significantly different before or after induc- 
tion of anesthesia and administration of study drugs 
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Figure 1. Catecholamine response to ECT. Shown are mean values 
for four patients pretreated with labetalol, esmolol, fentanyl, or 
saline solution. The figure shows plasma levels of norepinephrine 
(A), plasma epinephrine (B), and the rate-pressure product (C) at 
the equivalent time periods for the four patients included in this 
analysis (see Reference [2] for complete description of hemody- 
namics after ECT). Blood samples were drawn preoperatively (C1), 
after pretreatment and induction of anesthesia (C2), and at periods 
1, 5, 10, and 30 min after ECT. Both esmolol and fentanyl 
significantly attenuated the increase in norepinephrine levels seen 
at 1 min (P < 0.05), whereas esmolol alone significantly attenuated 
the epinephrine response at 1 min (P < 0.05). See text for details. 


(Figure 1). Neither were baseline values different 
between study drugs or between study drugs and 
control. In all study groups, there were significant 
increases in serum norepinephrine and epinephrine 
at 1 and 5 min after seizure, with 3-fold and 15-fold 
increases exhibited during ECT, respectively (Figure 
1A,B). In addition, even with the small sample size, 
significant differences in the ECT-induced increases 
in norepinephrine levels at 1 min after seizure were 
observed. The norepinephrine response after saline 
pretreatment was significantly greater than that after 
either esmolol or fentanyl pretreatment (P < 0.05), 
whereas pretreatment with labetalol did not signifi- 
cantly affect the norepinephrine response. The nor- 
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Figure 2. Correlation of norepinephrine with maximal systolic BP. 
Shown is a correlation plot between plasma norepinephrine (y- 
axis) and the maximal systolic BP attained after ECT (x-axis). 
Maximal systolic BP correlated loosely but significantly with 
plasma norepinephrine (r = 0.52, P < 0.05) but did not correlate 
with plasma epinephrine. 


epinephrine responses to ECT at 5, 10, and 30 min 
were not significantly different. 

Flectroconvulsive therapy also resulted in signifi- 
cant increases in plasma epinephrine at 1 min (Figure 
1B, P < 0.05) with return to control levels by 5 min 
after ECT. Esmolol pretreatment resulted in signifi- 
cantly lower levels of epinephrine at 1 min compared 
with saline (P < 0.05). No other significant differ- 
ences were observed. Hemodynamic responses of the 
four individuals in this study did not differ signifi- 
cantly from those of the other six patients described 
in part I (2) (Figure 1C). 

Plasma norepinephrine but not epinephrine corre- 
lated loosely with the maximum systolic BP achieved 
after ECT (Figure 2, r = 0.52, P < 0.05). Neither 
norepinephrine nor epinephrine levels were signifi- 
cantly correlated with HR after seizure. In addition, 
no correlation was demonstrated between the serum 
levels of norepinephrine or epinephrine and either 
BP or HR at the time of emergence. 


ACTH and Cortisol 


Baseline levels of ACTH and cortisol did not differ 
between groups. Furthermore, the plasma ACTH 
concentrations were not altered by the administration 
of study drugs and by the induction of anesthesia. 
Performance of ECT resulted in a mean increase 
in ACTH level from 42.3 + 9 pg/mL to 182.1 + 
23 pg/mL. In addition, labetalol and fentanyl treat- 
ments significantly reduced the ACTH response at 1, 
5, and 10 min after ECT (P < 0.05, Figure 3A). The 
effect of fentanyl was greatest, with significant (P < 
0.05) differences between ACTH levels seen at 5 and 


ANESTH ANALG 
1991 ;73:563-9 

















E 
© 
2 
= 
Q 
<{ 
B. 
D 
o 
3 
© 
2 
kad 
re) 
Q 
i 80 E Saline 
a E Labetaiol 
Ẹ 60 @ Esmoloi 
= Fentanyl 
© 
& 40 
S 
x 20 
9 


C1 C2 1 5 10 30 


Figure 3. Neuroendocrine response to ECT. Shown are mean 
values for ACTH (A), cortisol (B), and AVP (C) for the same four 
patients as in Figure 1. Significant increases in ACTH and AVP are 
seen at all time periods after 5 min. There was a significant 
correlation between ACTH levels at 5 min and cortisol levels at 
30 min (P < 0.05). Fentanyl significantly reduced the increase in 
ACTH, compared with the labetalol group at 1, 5, and 10 min and 
compared with saline solution and esmolol at 5 and 10 min (P < 
0.05). Compared with control values, cortisol values increased 
more slowly, reaching significance at 30 min. There were no 
differences between groups. The AVP levels increased in all groups 
after 1 min and remained significantly elevated at all time periods 
measured. No significant differences were observed between treat- 
ment groups. 


10 min after administration of fentanyl compared 
with both saline and esmolol. 

Cortisol levels showed a gradual increase from 
12.8 + 3.7 g/dL at baseline to 25.6 + 1.0 g/dL at 
30 min after ECT, attaining significance for all groups 
(P < 0.05, Figure 3B). There were no significant 
differences between groups at any time period de- 
spite a trend toward lower cortisol levels after admin- 
istration of fentanyl (P < 0.06, compared with saline 
or labetalol). 

The largest neuroendocrine response to ECT mea- 
sured in this study was the ECT-stimulated increase 
in AVP. The AVP levels increased significantly in all 
treatments at all time periods after induction of shock 
and seizure (P < 0.0005, Figure 3C). Mean plasma 
vasopressin levels increased from <2.0 pg/mL at 
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baseline to 55 + 5.1 pg/mL at 1 min and then 
decreased to 3.0 + 3 pg/mL (or barely detectable) at 
30 min. The AVP response to ECT did not differ 
between groups. Surprisingly, there was no correla- 
tion between AVP levels and either BP or HR at any 
time during the study. The AVP levels also did not 
correlate significantly with ACTH or with the cate- 
cholamines measured at the same time or at subse- 
quent post-ECT intervals. 


Discussion 


In part I of this study (2), the new -adrenergic 
blockers labetalol and esmolol significantly attenu- 
ated the cardiovascular effects of ECT. In contrast, 
neither lidocaine nor fentanyl pretreatment had com- 
parable ameliorating eftects at the doses studied. In 
addition, esmolol did not significantly shorten sei- 
zure duration, whereas the other three pretreatment 
regimens did adversely affect the therapeutic benefit 
of ECT. Significant attenuation of the undesirable 
cardjovascular response’ to ECT could be due to 
pharmacologic blockade of the sympathetic outpour- 
ing commonly occurring after shock and seizure 
and/or to reduced peripheral and central response to 
circulating levels of catecholamines. 

In this study, blood samples were collected at a 
limited number of time points for up to 30 min after 
seizure. One might argue that because of differences 
in kinetic properties of the five substances measured, 
samples should have been taken at different times for 
each substance and longer time points should have 
been measured. For example, the cortisol data are 
somewhat limited because of this hormone’s rather 
slow and prolonged response to stressful interven- 
tions (14,15). However, because of the within- 
subjects study design, constraints on the total 
amount of blood that could be safely taken from 
individual patients, and the need to rapidly return 
the subjects back to the psychiatry ward, additional 
or later samples were simply not feasible. The five 
sampling time points. were chosen to optimize the 
information obtained from all of the substances mea- 
sured without compromising patient safety. 

Electroconvulsive therapy induces a number of 
neuroendocrine responses in humans, including 
stimulation of prolactin, B-endorphin, ACTH, corti- 
sol, and, possibly; growth hormone secretion (16). 
With respect to the pituitary-adrenal axis, preclinical 
studies suggest that repeated ECT treatments in 
laboratory animals increase the formation of corti- 
cotropin-releasing factor (CRF) mRNA in the hypo- 
thalamic paraventricular nucleus (17). This CRF- 
driven -pituitary-adrenal activation during ECT, 
which resembles the neuroendocrine effects of 
chronic stress, may influence hypothalamic-pituitary- 
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adrenal (HPA) axis-sensitive processes mediating the 
therapeutic effect of ECT. Other hormones, such as 
thyroid-stimulating hormone and somatomedin A 
are not thought to be affected. Thus, ECT produces a 
selective response from the HPA axis. 

The catecholamine response to ECT was first de- 
scribed by Gravenstein et al. (3). Since then, there 
have been several studies with similar results (4,5). 
Our results corroborate those reported earlier, with 
3-fold and 15-fold increases observed for norepineph- 
rine and epinephrine, respectively, immediately after 
seizure in patients receiving no premedication. 

The HPA axis responds to a variety of “stressful” 
events by increasing CRF-mediated secretion of 
ACTH and cortisol. The duration of ECT-induced 
ACTH release (10-30 min) is longer than that seen for 
epinephrine and norepinephrine. The time-course for 
ACTH and cortisol responses to ECT also differ, with 
cortisol levels increasing slowly (30 min after ECT) in 
response to the earlier release of ACTH consistent 
with the cortisol responses to ACTH seen in other 
experimental paradigms. 

The neuroendocrine response after ECT may be 
different from that ‘after other procedures requiring 
anesthetics of similar duration. For example, Allen et 
al. (5) demonstrated a threefold increase in ACTH 
secretion after performance of ECT, but there was no 
such increase after cardioversion using a similar an- 
esthetic technique. Thus, the increased ACTH secre- 
tion may be specific to ECT-induced activation of the 
central nervous system. Interestingly, despite the 
much shorter duration of the anesthetic, the magni- 
tude of catecholamine and cortisol responses ob- 
served after ECT in the present study were similar to 
those previously measured during major upper ab- 
dominal (14,18) and coronary bypass operations (15). 

Previous studies have demonstrated a relationship 
between AVP and systemic vascular resistance (SVR) 
(19), and, perhaps BP (20,21). No significant relation- 
ship between AVP and BP could be demonstrated in 
this study, possibly because of the premedications 
administered. Esmolol and labetalol both reduce the 
BP and HR responses to ECT. Significant differences 
in catecholamine levels were only seen, however, 
between esmolol and saline solution 1 min after 
seizure. 

Fentanyl, which does not reliably blunt the cardio- 
vascular response to ECT (2), significantly reduced 
norepinephrine levels at 1 min and ACTH levels at 1, 
5, and 10 min. Opioids, including fentanyl, are 
thought to diminish the brain release of CRF (22), 
which could result in a reduction in ACTH secretion 
(15,23) during anesthesia. In addition, none of the 
pretreatments reliably blunted the increased cortisol 
seen at 30 min after ECT, although one might have 
expected this effect from at least fentanyl (24,25). This 
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may be due to the small sample size studied. Alter- 
natively, it may be that none of the pretreatments 
blunted the eventual stress response. Similar results 
have been reported in studies comparing general 
with regional anesthetics (26). 

In addition to CRF, AVP is an ACTH secretagogue 
that potentiates the effect of CRF (16). Consequently, 
ECT-stimulated release of AVP may be an important 
modulator of the ACTH response to ECT. Peripheral 
release of catecholamines during ECT may also stim- 
ulate the anterior pituitary glands to release ACTH 
(27), and this effect can be blocked by ‘propranolol 
(28). Thus, -adrenergic antagonists may have two 
effects on ACTH release during ECT: reduce the 
production of norepinephrine and epinephrine and 
antagonize the catecholamine’s effect a ACTH- 
secreting cells in the anterior pituitary 

The relationship between catecholamine am and 
hemodynamics during ECT appears to be more com- 
plex than that seen in some types of surgical anes- 
thesia. Patients suffering from depression have di- 
minished pituitary-adrenal responses to acute 
stresses and to CRF. The therapeutic effect of ECT has 
been correlated with normalization of the responsive- 
ness of the pituitary-adrenal and sympathomedullary 
axes (17,29,30). This might be expected to result in 
larger cardiovascular responses to subsequent ECT 
treatments but, in fact, this does not occur (2). Fur- 
thermore, fentanyl does not reliably blunt the cardio- 
vascular response to ECT but nevertheless reduces 
the catecholamine response. In contrast, fentanyl 
blunts both the hemodynamic and the catecholamine 
response to major surgery (31). 

The lack of correlation observed between circulat- 
ing levels of epinephrine or norepinephrine and HR 
could, be due ‘to the small sample studied, or may 
represent a more complex interaction of the two 
f-adrenergic antagonists esmolol and labetalol with 
the catecholamines. The administration of esmolol 
decreased release of norepinephrine, which seems to 
be most strongly correlated with the cardiovascular 
response to ECT. In addition, however, both esmolol 
and labetalol affect the peripheral response to cate- 
cholamines. Fentanyl, on the other hand, which 
appeared to block catecholamine release would not 
be expected to greatly alter their peripheral effect. 
Thus, esmolol and labetalol appear to be more effec- 
tive in blunting the cardiovascular response to ECT 
primarily because of their peripheral effects. How- 
- ever, labetalol and esmolol may be somewhat dif- 
ferent in this regard. For instance, labetalol; which 
did not decrease the release of norepinephrine in the 
patients sampled, nonetheless was nearly as effective 
as esmolol at blunting the cardiovascular response to 
ECT (2). 

At least three confounding variables are involved 
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in the relationship between serum catecholamines 
and the cardiovascular response to ECT: the depres- 
sive state of the patient thought to affect both the 
release and the response to catecholamines (32); the 
administration of other cardiovascular drugs (such as 
esmolol), which may blunt both the release of cate- 
cholamines and their peripheral effects (33); and the 
effect of the general anesthetic. 

' This latter effect may explain why BP and, per- 
haps, HR increase during emergence from anesthe- 
sia, despite apparently decreasing levels of norepi- 
nephrine and epinephrine. Evidence for this comes 
from transthoracic impedance (Bomed) cardiac out- 
put measurements during ECT. The initial increase in 
BP and HR during ECT was accompanied by a 
decrease in cardiac output and an increase in SVR. In 
contrast, the increased BP seen during emergence 
was associated with increased cardiac output but little 
change in SVR (unpublished data). It may be that the 
initial BP increase is due to release of norepinephrine 
resulting in increased SVR, whereas the subsequent 
increase is the result of the diminishing cardiovascu- 
lar depressant effects of the anesthetic as it redistrib- 
utes in body tissue. Tachycardia, on the other hand, 
may be due to increases in serum epinephrine and/or 
reflex increases secondary to the drop in cardiac 
oe 
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Data on the normal depth of insertion of double- 
lumen tubes have not been published. We studied 
101 adult patients undergoing thoracic operations 
whose tracheas were intubated with a left double- 
lumen tube. A fiberoptic bronchoscope was intro- 
duced into the tracheal lumen, and tube position 
was adjusted until the cephalad surface of the 
bronchial cuff was immediately below the carinal 
bifurcation. The average depth of insertion for 
both male and female patients 170 cm tall was 29 cm, 


poorly positioned double-lumen tube (DLT) 

can compromise any thoracic operation by 

preventing appropriate ventilation of the 
nonoperated lung or the selective collapse of the 
operated lung; the former can result in potentially 
life-threatening hypoxemia. The commonly used end 
points for depth of initial tube insertion, including a 
moderate increase in resistance to further passage 
down the bronchus and when the common molding 
that binds the two lumens together is at the incisors, 
are often inaccurate (1,2). Data on the normal range 
of depth for DLT insertion have not been published. 
Therefore we measured the depth of DLT placement 
in adult patients. 


Methods 


With the approval of the human subject committees 
at our institutions, 101 adult patients undergoing 
thoracic operations requiring tracheal intubation with 
a DLT consented to be studied. 

Each patient was weighed and measured during 
the preoperative physical examination, and the infor- 
mation was recorded. In the operating room all 
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and for each 10-cm increase or decrease in height, 
average placement depth was increased or decreased 
1 cm. The correlation between depth of insertion 
and height was highly significant (P < 0.0001) for 
both male and female patients. As depth of DLT 
insertion at any given height was normally distrib- 
uted, a technique to confirm correct double-lumen 
tube position always should be used after initial 
placement. 

(Anesth Analg 1991;73:570~2) 


patients had their tracheas intubated with either a 35, 
37, 39, or 41F left Broncho-Cath (Mallinckrodt, 
Argyle, N.Y.) DLT. After the tube was positioned in 
the left main bronchus, the bronchial cuff was in- 
flated with air. A fiberoptic bronchoscope was then 
introduced into the tracheal lumen and advanced 
until either the tracheal carina or the endobronchial 
cuff was clearly visible. If necessary, the tube was 
withdrawn or advanced until the cephalad surface of 
the bright blue bronchial cuff was immediately below 
the carina. Insertion depth was measured using the 
external centimeter markings on the tube’s lumen. 
Measurements were made at the corner of the mouth 
while the patient was in the supine position. 

Statistical analysis for depth of DLT insertion was 
performed on a Macintosh computer using StatView 
Il (Abacus Concepts, Calabasas, Calif.). A simple 
regression was calculated and the 95% confidence 
bands were plotted for the true mean of y. A P value 
of <0.05 was considered significant. The distribution 
of depth of DLT insertion for grouped intervals of 
height (short [136-164 cm], medium [165-179 cm], 
and tall [180-194 cm]) was also determined. 


Results 


There were 59 male and 42 female patients in the 
study. The results from all three institutions were 
almost identical and are pooled for presentation. 
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Figure 1. The regression line for depth of insertion (cm) of left 
double-lumen tubes versus height (cm) for all patients (male and 
female). 


There was no correlation between depth of left DLT 
insertion with either age or weight for either men or 
women. However, there was a significant correlation 
of depth of insertion with height for both male and 
female patients. The regression lines and P values for 
men and women gianni were nearly identical and 
were y = 0.11x + 10.53, R^ = 0.28, P< 0.01, and y = 
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0.11x + 10.94, R? = 0.31, P < 0.001, respectively. 
Figure 1 shows the depth of insertion versus height 
regression line data for all patients (male and female); 
the correlation was highly significant (P < 0.0001). 
The average depth of insertion was 29 cm for patients 
170 cm tall. For every 10-cm increase or decrease in 
height, the average depth for DLT placement was 
increased or decreased 1 cm. Figure 2 shows the 
distribution of depth of insertion for all patients and 
for three grouped intervals of patient height. At each 
grouped interval of patient height, the distribution of 
depth of insertion was normally distributed. Figure 3 
demonstrates that as patient height increased, the 
size of the DLT chosen increased. 


Discussion 
Two of the most common problems associated with 
DLT placement are insertion either insufficiently far 
or too deeply into the appropriate bronchus (3). This 
study attempts to define a range of depth for left-DLT 
insertion to reduce these problems. A left DLT was 
used for both right and left thoracotomies because the 
“margin of safety” is greater if the longer left main — 
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Figure 2. The depth of insertion (cm) for left double-lumen tubes for all patients and for three grouped intervals based on patient height 
(cm). At each grouped interval the distribution of depth of insertion was normally distributed. 
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Panel A bronchus is intubated (4). Right DLTs must be con- 
Height 136-164cem (Small) sidered separately. 

Optimal DLT depth was defined as when the blue 
endobronchial cuff was just below the carina, because 
if the cuff were more proximal it would obstruct the 
trachea and the contralateral right-main bronchus (5). 
If the cuff were deeper, the left-upper lobe bronchus 
could be obstructed (6). 

We found that as patient height increases, the 
optimal depth of DLT insertion increases. However, 
as the depth of insertion at any given height was 

35 37 39 41 normally distributed, our data are useful only as a 
Panel B guide and should not be used as the end point for 
Height 165-178cm (Medium) final tube placement. Once the tube is placed, it is 
mandatory that a technique for confirmation of posi- 
tion be used. Reassessment and readjustment after 
placing the patient in the lateral decubitus position is 
also essential. Finally, it is important to recognize that 
these tubes can move distally with head flexion or 
proximally with head extension and can be displaced 
even further by manipulation during surgery (7). 
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Pulmonary Artery Catheter Introducers: Do the Component 


Parts Affect Flow Rate? 


Steve A. Hyman, MD, David W. Smith, MD, Roger England, Bs, Rebecca Naukam, Bs, and 


M. Lawrence Berman, MD, PhD 


Department of Anesthesiology, Vanderbilt University, Nashville, Tennessee 


Arrow sheath introducers are useful during massive 
transfusion as well as during catheter insertion. How- 
ever, each component (sheath, side port, and obtu- 
rator/catheter) probably progressively impedes maxi- 
mum flow. This study quantitates these flow 
changes. Six configurations (C) were tested: (C1) 
sheath; (C2) sheath, side port; (C3) sheath, side port, 
obturator; (C4) C3 with 1.5-in obturator; (C5) C3 with 
0.25-in obturator; (C6) no components. Flow was 
measured five times with each configuration and 
compared. Flows (mL/min) (mean + sz) were: (C1) 
838.1 + 11.2, (C2) 283.4 + 9.2, (C3) 149.9 + 7.9, (C4) 


N s a level 1 trauma center, our hospital accepts 
. referrals of multiply traumatized patients 

who frequently require intravascular admin- 
istration of blood and crystalloids in large quantities. 
Despite the severity of some injuries, lives are saved 
by appropriate replacement of oxygen carrying capac- 
ity and intravascular volume. Large-bore intravenous 
catheters (e.g., 12 or 14 gauge) are often inadequate 
during massive transfusion (1) for hemorrhage of this 
magnitude. Pulmonary artery catheter introducers, 
by virtue of their large diameter, are well suited for 
rapid administration of large fluid volumes. 

Arrow percutaneous sheath introducer kits (Arrow 
International, Reading, Pa.) have an 8.5F lumen with 
introducer sheath. A separate side port assembly has 
a self-sealing hemostasis valve for insertion of a 
pulmonary artery or central venous pressure cathe- 
ter. Conahan et al. (2) suggest that the self-sealing 
valves in this system appear to remain competent 
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176.0 + 14.0, (C5) 232.5 + 5.5, (C6) 1030.5 + 11.6. 
Flow decreased progressively with C2 and C3 (P < 
0.0001). C4 did not increase flow, but C5 did (P < 
0.0001). C5 flow was comparable to C2 but less than 
C1 (P < 0.0001). C6 flow was larger than any other 
configuration (P < 0.0001). Flow increases in C2 and 
C5 over C3 and C4 were modest (25%-50%) com- 
pared with C1 (250%). Therefore, we do not recom- 
mend removing or cutting the obturator to improve 
flow. During massive transfusion, we recommend 
removal of the side port until smaller flows suffice. 
(Anesth Analg 1991;73:573-5) 


when exposed to vacuums of —30 cm H,O. Thus, the 
valve should not leak when exposed to negative 
intrathoracic pressure. However, there is no assur- 
ance that this valve, even when new, is competent to 
prevent air emboli (3-5). Because of this inherent risk, 
an obturator with an airtight cap should be inserted 
through the valve when a central catheter is not in 
place. The obturator, unfortunately, appears to re- 
duce the maximum infusion rate, so some clinicians 
shorten it, presumably to restore a more rapid flow. 
The actual flow reduction caused by the obturator is 
unclear. 

A complete introducer device has three compo- 
nents: the sheath, the side port/hemostasis valve, and 
the obturator (Figure 1). The goals of this study were 
threefold. First, to determine the flow changes 
caused by the side port/hemostasis valve; second, to 
determine if the obturator further reduced flow; and 
third, to determine if the latter changes were revers- 
ible by shortening the obturator. 


Methods 


The percutaneous sheath introducer assembly was 
attached to an intravenous administration set using 
six different component configurations (C): 


Cl. Sheath only, no side port 
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C2. Sheath and side port, no obturator 

C3. Sheath and side port, uncut obturator inserted 
through hemostasis valve 

C4. Same as C3, but obturator cut to a length of 1.5 in 

C5. Same as C3, but obturator cut to a length of 
0.25 in 

C6. No components 


Flow was measured five times with each configura- 
tion. A new introducer kit was used for each flow 
determination. 

An intravenous fluid administration bag contain- 
ing approximately 1 L of tap water was hung 36 in 
above the assembly. Extending from the bag was a 
large-bore vinyl tubing with a non-Luer lock-type 
connector at the end. The time (T) for the fluid to 
drain into a beaker was measured with a stopwatch. 
The drained water was weighed (V). The specific 
gravity of water is 1, so 1 g equals 1 mL. Flow was 
calculäted using Equation (1): 


V 
Flow (mL/min) = T x 60. 


Certain infusion systems, particularly those using 
3-mm tubing, reduce maximum flow rate (6,7). To 
prove that the present setup did not influence maxi- 
mum flow, we measured flow with no components 
attached (C6). 

Flow rates determined with each system config- 
uration were compared using analysis of variance. 
Differences were considered significant if P < 0.05. 
Tukey’s honestly significant differences test was the 
multiple range test when significant differences were 





r 


Figure 1. A complete introducer device has three co P the 
side port/hemostasis valve (A), the obturator (B), the sheath 
(C). 
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Table 1. Flow Through Sheath/Side Port/Hemostasis 
Valve Assembly 


No. of Mean flow 
Configuration trials (mL/min) SEM 
Cl 5 838.1” 11:2 
C2 5 238.4? 9.2 
C3 5 149.¥ 7.9 
C4 5 176.0° 14.0 
C5 5 232.5° 5.5 
C6 5 1030.5" 11.6 


sem, standard error of the mean; C1, sheath only, no side port; C2, 
sheath and side port, no obturator; C3, sheath and side port, uncut obturator 
inserted through hemostasis valve; C4, same as C3, but obturator cut to a 
length of 1.5 in; C5, same as C3, but obturator cut to a length of 0.25 in; C6, 
no sheath or side port/hemostasis valve. 

“Significantly different from all other configuratio 

*Significantly different from configurations 1, 3, 4, eer 6 (P < 0.0001). 

‘Significantly different from configurations 1, 2, 5, and 6 (P < 0.0001). 


found. Statistics were performed using Statgraphics 
(STSC, Inc., Rockville, Md.). 


Results 


The flow through the system with C6 was 1030 + 
11.6 mL/min (mean + sx) (Table 1). This flow was 
significantly larger (P < 0.0001) than C1 (838 + 
11 mL/min). It is, therefore, unlikely that the intrave- 
nous bag or tubing influenced maximum flow. With 
C2, flow decreased significantly to 238 + 9 mL/min 
(P < 0.0001). Flow decreased even further with C3 
(150 + 8 mL/min). Cutting the obturator at a length of 
1.5 in (C4) did not increase flow rate, but cutting it to 
a length of less than 0.25 in (C5) resulted in a 
significant increase in flow (P < 0.0001). 


Discussion 


A percutaneous introducer sheath with a side port/ 
hemostasis valve assembly affords the ability to easily 
insert a pulmonary artery or central venous pressure 
catheter plus maintain an intravenous infusion port. 
When the catheter is not in place, an airtight obtura- 
tor should be inserted instead. The obturator, in 
addition to sealing the hemostasis valve, prevents 
kinking of the sheath. Such kinking may occur at the 
skin insertion site or where the sheath passes by the 
clavicle when using a subclavian route. 

Flow through the side sheath/port/hemostasis 
valve system is significantly reduced by the presence 
of the uncut obturator. Flow is not increased by 
shortening the obturator length to 1.5 in but is 
increased when the obturator length is shorter than 
0.25 in. The reason for this is demonstrated in Figure 
2. When the length is longer, the obturator passes 
through the area where the side port drains into the 
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Figure 2. Six configurations (© of pulmonary artery catheter 
introducer components were assembled to test flow from an 
intravenous fluid administration assembly. (C1) sheath; (C2) 
sheath, side port; (C3) sheath, side port, obturator; (C4) C3 with 
1.5-in. obturator; (C5) C3 with 0.25-in. obturator. A sixth config- 
uration (C6) with no components attached was also tested. 


sheath. Flow ETA presumably by obstruction of 
the side port orifice or by increased turbulence in the 
sheath. When the obturator is very short, it fails to 
reach the orifice, and flow rate is similar to that 
without an obturator. Despite its statistical signifi- 
cance (P < 0.0001); the flow increase after shortening 
or removing the obturator is modest. Flow increased 
by approximately 25%-50% (56-92 mL/min), but this 
increase was small in comparison with that found 
when the side port/hemostasis valve was removed 
altogether. Changing from C2 to C1 results in an 
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increase of approximately 600 mL/min (250%). 
Clearly an increase of this magnitude is more likely to 
improve outcome in exsanguinating injuries. 

We do not recommend shortening the obturator 
and believe that this is a potentially dangerous prac- 
tice. Small fragments of plastic material could remain 
attached to the obturator after. removal. of the tip. 
These fragments could enter the pulmonary vascula- 
ture, or worse, the arterial- system if there were a 
right-to-left shunt. A shortened obturator can also 
cause confusion during removal. The clinician insert- 
ing the sheath and obturator is often not the oné who 
removes it. If the latter is unaware that the:obturator 
is shortened, he or she may incorrectly assume that it 
was inadvertently broken off inside the patient. This 
could result in unnecessary radiologic or surgical 
exposure for a nonexistent problem. Finally, in the 
event that a patient were injured by the .ititroducer 
assembly, it is unlikely that the mantifacturer would 
stand behind the product in its alteréd state. 

In conclusion, flow through a pulmonary arterý 
catheter introducer sheath is decreased by approxi- 
mately 600 mL/min by attaching a side port/ 
hemostasis valve assembly. Flow is further reduced 
by inserting an intact obturator or one cut to 1.5 in, 
but not by one cut to less than 0.25 in. We do not 
recommend removing the obturator or shortening it 
to improve maximum flow rates. However, if very 
large flow rates are necessary, we recommend com- 
pletely removing the side port/hemostasis valve until 
smaller flow rates are adequate. 
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Arterial and Mixed Venous Blood Acid-Base Balance During 
Hypoperfusion With Incremental Positive End-Expiratory 


Pressure in the Pig 
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The authors sought to determine how hypoperfusion 
influences acid-base balance in arterial and mixed 
venous blood. In anesthetized, ventilated pigs (n = 
12), we determined hemodynamics, O, uptake, COQ, 
output, dead-space ventilation, arterial and mixed 
venous blood acid-base balances, and lactate concen- 
trations during graded reductions in cardiac output 
by incremental positive end-expiratory pressure 
(PEEP, 0-20 cm H,O). Cardiac output decreased from 
3.2 + 0.2 (mean + sEM) to 1.2 + 0.1 L/min at 20 cm 
H,O PEEP. Oxygen delivery declined more than O, 
uptake: did by 60% + 2% arid 27% + 2%, respectively. 

The decrease in CO, output (by 21% + 2%) was less 
than that in O, uptake. Fractional dead-space venti- 
lation increased. Ata slight increase in carbon dioxide 
tension (Pco,) of 4 + 1 mm Hg, pH decreased in 
arterial blood from 7.54 + 0.01 to 7.47 + 0.02 mmol/L, 
and standard bicarbonate decreased from 30.3 + 0.5 
to 27.5 + 0.6 mmol/L. The decrease in standard 
bicarbonate exceeded the increase in blood lactate 


blood acid-base balance during cardiac arrest and 

resuscitation have been attributed mainly to met- 
abolic deterioration with resultant lactic acidosis (1- 
3). Recently, however, several authors have sug- 
gested that, at least shortly after cardiac arrest and 
resuscitation, respiratory instead of metabolic acido- 
sis may prevail in the tissues as pH may be low after 
a high carbon dioxide tension (Pco,) in mixed venous 
blood, whereas respiratory alkalosis after a decrease 
in Pco, may predominate in arterial blood (6-12). The 
mixed venous Pco, indeed reflects the mean tissue 
Pco, because CO, is freely diffusible across cell mem- 
branes (6,7,11,12). A widening of arteriovenous Pco, 


È the presence of adequate ventilation, changes in 


Accepted for publication June 17, 1991. 

Address correspondence to Dr. Groeneveld, Medical Intensive 
Care Unit, Free University Hospital, De Boelelaan 1117, 1081 HV 
Amsterdam, The Netherlands. 


576 Anesth Analg 1991;73:576-82 


concentrations. At a similar decrease in standard 
bicarbonate, the decrease in pH was larger (P < 
0.005) in mixed venous blood than in arterial blood 
owing to a larger increase in Pco, (from 40 + 2 to 50 
+ 2mm Hg, P < 0.005). The changes were reversed 
after discontinuing PEEP. The authors conclude that 
ischemia after incremental PEEP results in tissue 
metabolic acidosis with superimposed respiratory 
acidosis. This is not caused by increased tissue pro- 
duction or by impaired pulmonary excretion of CO, 
but by a larger decrease in blood flow than in CO, 
production in the tissues, so that CO, stores increase. 
Decreased pulmonary blood flow and increased 
dead-space ventilation prevent a decrease in arterial 
Pco, by diminished CO, production. A smaller re- 
duction in CO, production than in O, uptake is only 
partly explained by bicarbonate buffering of lactic 
acid. 

(Anesth Analg 1991;73:576-82) 


and pH gradients occurs also during other low-flow 
states (8,10,13-18). 

In many studies, intravenous administration of 
CO,-generating sodium bicarbonate (4,6,8) or devel- 
opment of hyperventilation (6-12,17), leading to an 
increase in Peco, in mixed venous blood or a decrease 
in Pco, in arterial blood, respectively, may have 
contributed to widening of the arteriovenous Pco, 
(and pH) gradient during hypoperfusion (8,10,17). 
This may have confounded the assessment of acid- 
base changes after a reduction in cardiac output alone 
and may have obscured metabolic, superimposed on 
respiratory, acid-base changes (5). In some studies, a 
decrease in blood flow at constant arterial Pco, re- 
sulted in predominating metabolic acidosis in venous 
blood or tissue despite a high Pco, in the latter 
(11,13-16,19). This respiratory, superimposed on 
metabolic, acidosis could be caused by an elevated 
CO, production through bicarbonate buffering of 
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lactic acid (11,13-16,19) or by impaired pulmonary 
excretion of CO, (6,7,9-11,17,18,20-22). Finally, 
many studies do not allow conclusions on hypoper- 
fusion-induced changes in acid-base equilibrium un- 
der steady-state conditions (6-12). 

As the effects of hypoperfusion on acid-base bal- 
ance and their mechanisms are unclear, we measured 
arterial and mixed venous ‘acid-base balance, blood 
lactate concentrations, O, delivery and uptake, CO, 
production, and dead-space ventilation in a porcine 
model of graded hypoperfusion (at constant ventila- 
tory minute volume) induced by incremental positive 
end-expiratory pressure (PEEP). 


Methods 


Twelve male Yorkshire pigs, weighing 23 + 1 kg, were 
studied. Before the experiments, the animals fasted for 
24 h but were allowed free access to water. Anesthesia 
was induced with the butyrophenone azaperone 
(2 mg/kg intramuscularly) and with thiopental 
(20 mg/kg intravenously) and maintained with a con- 
tinuous infusion of pentobarbital (5 mg-kg~*-h7*) and 
pancuronium bromide (0.2 mg-kg~*-h~’) for muscular 
paralysis (23). After tracheal intubation, ventilation was 
controlled: tidal volume was 15 mL/kg at a frequency of 
12 breaths/min ‘(inspired oxygen fraction, 40%; Servo 
900 B ventilator, Siemens, Stockholm, Sweden). Fre- 
quency was adjusted to obtain a normal pH of about 
7.50 in-arterial pig blood (24). After initial adjustments, 
these ventilatory settings were not changed during the 
experiments. The Animal Investigation Committee of 
the Free University approved the protocol. 

Pigs were studied in the supine position on a 
heating blanket. Continuous recording of the electro- 
cardiogram allowed the calculation of heart rate (HR). 
A catheter was placed in the right carotid artery for 
measurement of mean arterial pressure (MAP). A 7F 
flow-directed pulmonary artery catheter was ad- 
vanced into the pulmonary artery through the right 
external jugular vein for the measurement of body 
temperature and cardiac output (CO) using the oe 
modilution technique and a computer (REF 1, 
wards Laboratories, Santa Ana, Calif.). The mean 
three determinations at end-expiration, using injec- 
tions of 5 mL of iced 5%. dextrose, was used. Arterial 
and mixed venous blood samples were drawn simul- 
taneously in heparinized syringes, placed on ice, and 
sent immediately to the laboratory for determination 
of pH, O, and CO, tensions, and standard bicarbon- 
ate (st.[HCO, ], at 40 mm Hg Peco.) taking body 
temperature into account (Corning type 175, Ameri- 
can Hospital Supply). Respiratory acid-base changes 
were defined on the basis of changes in Pco, and 
metabolic acid-base changes, on the basis of alter- 
ations in st.[HCO, ], regardless of their cause and 
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the origin of the blood (arterial versus mixed venous) 
in which measurements were done. Hemoglobin 
(Hb) and O, saturation (So) were also measured 
(Co-oximeter, Instrumentation Laboratories, Lexing- 
ton, Mass.). Oxygen content in arterial blood (Cao) 
was calculated from 1.39 x Hb x So, + 0.0031 x Pog. 

Oxygen delivery (Do,) was defined as the product of 
CO and Cao,. Arterial blood lactate concentrations 
were measured with an enzymatic method (Analyti- 
cal Chemistry Analyzer, Dupont, Wilmington, Del.). 

Expiratory minute volume (VE), O, uptake (Vo), 
and CO, output, assumed to reflect CO, production 
(Vco,) at standard temperature, pressure, and dry 
gas conditions were measured each minute with a 
Deltatrac metabolic monitor (Datex, Helsinki, Fin- 
land) (25). The monitor was connected to the outlet of 
the ventilator, and expired gas was collected in a 
mixing chamber. The monitor samples inspired air, 
and a paramagnetic differential O, sensor measures 
the inspired O, concentration (Fro,) and the differ- 
ence between inspired and expired O, concentration 
(FIO,-FEO,). The mixed expired CO, concentration is 
measured continuously with an infrared sensor. Be- 
fore measurements were taken, the sensors were 
calibrated with a gas mixture of known composition. 
The metabolic monitor showed inaccuracy of the Vo, 
and Vco, measurements of less than 2% at Fio, of 
40% and PEEP of up to 20-cm H,O, using previously 
described methods (26). The Feco, was converted to 
the mixed expiratory Peco, for computation of frac- 
tional dead-space ventilation (V,/V,) from (arterial 
Pco,-Prco,)/arterial Pco,. 

Measurements were performed at t = 0 min and 
were repeated at £ = 30 min, after which PEEP was 
increased by 5-cm H,O increments at 15-min intervals 
from 0 to 20 cm H,O (t = 90 min), to lower CO and 
Vo, (27), each time preceded by measurements using 
= 5-min averages for Vz, Va/ Vy Vo and Vco. At 

= 90 min, PEEP was discontinued, followed by 
se ics at t = 120 and 150 min, after which the 
animals were killed by injection of saturated potas- 
sium chloride solution. 

Values are presented as mean + sEM. Changes in 
variables compared with t = 30 min were assessed 
with analysis of variance for repeated measurements. 
If statistical significance was reached, the Wilcoxon 
signed-rank test for paired data was used. Linear 
regression analysis was used for computing correla- 
tion coefficients. A P < 0.05 was considered statisti- 


cally significant. 


Results 


Graded increases in PEEP decreased CO (by 2.0 + 
0.2 L/min or 62% + 2% at 20 cm H,O PEEP) and MAP 
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Table 1. Hemodynamic, Metabolic, and Ventilatory Variables During Incremental Positive End-Expiratory Pressure 








in 12 Pigs 
PEEP (cm H,0) 
Variables 0 0 5 10 15 20 0 0 

Time (min) 0 30 45 60 75 90 120 150 
Heart rate (beats/min) 87 + 4 94 + 4 110 + 5° 115-5 126 + 7 133 + 8 92 +6 98 + 7 
Mean arterial pressure 103+5 103+4 93 + 5° 81 + 6 68 + 6 53237 11824 114+5° 

(mm Hg) 
Cardiac output (L/min) 3.26 + 0.26 3.19 + 0.24 3.02 + 0.25 2.29 + 0.237 1.60 + 0.14 1.21 + 0.11° 3.11 + 0.35 3.12 + 0.34 
Oxygen delivery (mL/min) 391421 394+22 379428 288+26" 203415 157411" 389+35 382+ 32 
Oxygen uptake (mL/min) 159413 155411 152411 13848 125+ 8 113 + 8° 163 +13 160+ 12 
Carbon dioxide output 119 +10 113 +9 112 +9 103 + 7" 97+ 7 89 + 6° 129 + 10° 120+ 

(mL/min) 
Lactate (mmol/L) 19402 15+01 15402 16402 194027 25403 24+03 18+0.2 
Temperature (°C) 36.8 + 0.35 36.9 + 0.36 37.0 + 0.37 37.1 + 0.40 37.1 + 0.38 37.0 + 0.38 37.3 + 0.40 37.5 + 0.40" 
Ventilatory minute volume 44+0.1 44201 432401 43201 42+01 4224010 445401 44+01 

(L/min) 


Dead-space ventilation/tidal 0.32 + 0.02 0.33 + 0.02 0.36 + 0.02 0.39 + 0.02’ 0.42 + 0.02° 0.52 + 0.01" 0.32 + 0.02 0.34 + 0.02 


volume 


PEEP, positive end-expiratory pressure. 
Values are mean + SEM. 

*P < 0.005 versus ¢ = 30 min. 

>P < 0.01 versus t = 30 min. 

cP < 0.05 versus ¢ = 30 min. 


- and increased HR (Table 1). Because arterial Po, and 
So, were unchanged at 20 cm H,O PEEP, the reduc- 
tion in tissue Do, by 60% + 2% paralleled the 
decrease in CO. Despite a decrease in mixed venous 
Po, and So2, and thus increased tissue O extraction 
ratio (to 73% + 4% at 20 cm H,O PEEP), Vo, declined 
by 27% + 2% at 20 cm H,O PEEP. Body temperature 
slightly increased during the experiments. Although 
the arterial lactate concentration at £ = 0 min was 
slightly elevated, possibly as a consequence of anes- 
thesia and instrumentation, the concentration in- 
créased during incremental PEEP, as compared with 
t = 30 min before PEEP. Although Ve slightly de- 
clined (by 3% + 1%), Feco, decreased (from 2.58% + 
0.18% at 0 cm H,O to 2.01% + 0.11% at 20 cm H,O 
PEEP, P < 0.005), so that Vco, decreased by 21% + 
2%. The latter declined less than Vo., and the respi- 

ratory quotient (RQ) increased (from 0.72 + 0.01 
before PEEP to 0.77 + 0.01 at 15 cm H,O and to 0.79 
+ 0.03 at 20 cm H,O PEEP, P < 0.01). There was also 
an increase in V,/V,. 

At 20 cm H,O PEEP, both pH and st.[HCO37] 
declined in arterial blood (Figure 1). The pH de- 
creased more in mixed venous blood than in arterial 
blood; the gradient increased from 0.045 + 0.003 at 
0 cm H,O PEEP to 0.083 + 0.008 at 20 cm H,O PEEP. 
The decrease in st.[HCO,; ] in mixed venous blood 
was comparable to that in arterial blood. The arterial 
Pco, slightly increased by 4 + 1 mm Hg at 20 cm H,O 
PEEP. The increase in mixed venous Pco., however, 
exceeded that in arterial blood; the gradient increased 
from 7 + 1 at 0 cm H,O PEEP to 14 + 1 mm Hg at 


20 cm HO PEEP. The mean arteriovenous Pco, 
gradient at the time points of our study were in- 
versely related to the mean CO (Figure 2A). 

Changes in most variables, including elevated ar- 
teriovenous gradients, reversed after PEEP was dis- 
continued. At t = 120 min, there was an overshoot in 
MAP (by 15 + 4 mm Hg) and in VE (by 3% + 1%), 
transiently reaching values above baseline (t = 
30 min). Arterial and mixed venous Pco, were higher 
and pH was lower during reperfusion after PEEP 
compared with ¢ = 30 min before PEEP, whereas CO, 
V,/V,, arteriovenous Pco, and pH gradients, and 
st.[HCO, ] had returned to baseline values. At t = 
120 min after PEEP, there was an increase in FEco, (to 
2.83% + 0.17%) and in Vco, (by 14% + 2%) above 
baseline values at t = 30 min (P < 0.005). The increase 
in Vco, was greater (P < 0.005) than that in Vo, (by 
5% + 2%, P = 0.06) and the RQ was still elevated 
(0.79 + 0.01, P < 0.005 versus t = 30 min). 

The decrease in Vco, during hypoperfusion did 
not significantly differ from the decrease in the prod- 
uct of the arteriovenous Pco, gradient and CO (by 
30% + 7% at 20 versus 0 cm H,O PEEP). Figure 2B 
shows that the mean Vco,/CO ratio at the time points 
of the study directly related to the mean arteriove- 
nous Pco, gradient, so that changes in the calculated 
arteriovenous CO, content difference (Fick principle) 
paralleled the Pco, gradient during our experiments. 

The decline in st.[HCO,°] during hypoperfusion 
exceeded the increase in lactate (by 1.9 + 0.4 mmol/L 
at 20 cm HO PEEP, P < 0.005). The mean st.[HCO, ] 
concentration (B) at the time points of the study in- 
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Figure 1. Mean + sem (in 12 pigs) of values in arterial and mixed venous blood and their arteriovenous gradient (A) during incremental 
positive end-expiratory pressure (PEEP) for (A) partial O, tension (Poz) and saturation (So,), (B) partial CO, tension (Pco,), (C) pH, (D) 


standard bicarbonate concentration. 


versely correlated with the mean lactate (L) concentra- 
tion: B = 34.3 — 2.3L, r = —0.85, P < 0.01, so that ona 
molar basis, changes in lactate accounted for only 44% 
of changes in st.[HCO,~] during our experiments. The 
mean RQ also correlated with the mean lactate concen- 
tration, whether rising (net production) or decreasing 
(net uptake during reperfusion): RQ = 0.69 + 0.034L, 
r = 0.74, P < 0.05, so that about 50% (=7") of changes 
in RQ could be explained by changes in lactate. 


Discussion 


Graded reductions in CO with incremental PEEP thus 
decrease tissue Vo, despite increased O, extraction, 
and increase lactate concentrations. The decrease in 


pH and st.[HCO, 7] and the increase in Pco, in mixed 
venous blood indicate development of metabolic aci- 
dosis with superimposed respiratory acidosis in the 
tissues. Arterial blood only shows the development 
of metabolic acidosis, as pH and st.[HCO, ] decrease 
at almost constant Pco,. At equal decreases in 
st.[HCO, ] in arterial and mixed venous blood, the 
elevated arteriovenous Pco, gradient accounts for the 
increased pH gradient. 

The arteriovenous Pco, gradient was elevated de- 
spite a diminished Vco, during hypoperfusion. As- 
sessment of tissue CO, production from expired gas 
is only valid if CO. stores in the body are in steady- 
state (15,28,29). After each PEEP increment, Vco, 
(and Vo.) decreased almost instantaneously and 
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Figure 2. (A) Relation between the arteriovenous Pco, gradient and cardiac output (CO): Peco, — gradient = 16.5 — 3.12CO, r = —0.95, 
P < 0.005. Mean + sem. (B) Relation between CO, output (Vco,) divided by cardiac output and the arteriovenous Pco, gradient: Vco,/CO 


= 0.52 + 0.50(Pco, — gradient), 


varied only 2% during the final 5 min of the 15-min 
PEEP intervals. During hypoperfusion, the decrease 
in Vco, was comparable to the decrease in the prod- 
uct of the arteriovenous Pco, gradient and CO. The 
arteriovenous CO, content difference, calculated 
from Veco, and CO (Fick principle), paralleled the 
arteriovenous Pco, difference—both before, during, 
and after hypoperfusion. As the arteriovenous Pco, 
difference reflects the gradient in CO, content (30), 
the data strongly suggest equilibrium (steady state) 
between CO, output from the tissues and the lungs 
before, during, and after hypoperfusion. During hy- 
poperfusion, an elevated mixed venous Pco, and 
respiratory acidosis in the tissues are thus caused by 
a widened arteriovenous CO, content gradient due to 
a greater reduction in tissue blood flow than in CO, 
output. 

The widening of the Pco, gradient was re- 
versed during reperfusion although Vco, increased 
above baseline. This was accompanied by a small 
overshoot in Vo, and by a gradual increase in body 
temperature. The elevated RQ during reperfusion, 
accompanied by a decrease in lactate and an increase 
in bicarbonate concentrations, may have been 
caused in part by oxidation of lactate, which re- 
sults in regeneration of bicarbonate (31,32). Hence, 
the greater overshoot in Vco, than in Vo, after PEEP 
indicated increased tissue metabolism after prior 
ischemia and a slight increase in body temperature 
rather than washout of CO, accumulated during 
hypoperfusion. We may therefore assume equilib- 
rium between tissue CO, production and output. 
Hence, tissue CO, production decreased during 


= 0.97, P < 0.005. Mean + SEM. 


ischemia and the elevated arteriovenous gradient in 
Pco, (and pH) was caused by a greater reduction in 
tissue blood flow than in CO, production, so that 
tissue CO, removal was impaired. At constant alve- 
olar ventilation, a decrease in tissue CO, production 
and output would result in a low Pco, in arterial 
blood. However, this was prevented by an increase in 
V/V, after an increased airway pressure and a de- 
creased pulmonary blood flow during PEEP (13). 
Conversely, a slightly increased arterial (and mixed 
venous) Pco, during reperfusion was solely caused 
by increased tissue CO, production as alveolar ven- 
tilation had returned to baseline values. 

Our results seem partly at variance with those of 
others who observed respiratory alkalosis in arterial 
blood and respiratory acidosis in mixed venous blood 
during cardiopulmonary resuscitation in artificially 
ventilated pigs and humans (6-12). During pericar- 
dial tamponade in conscious dogs, mixed venous 
acid-base balance is almost unchanged, whereas res- 
piratory alkalosis develops in arterial blood (17). In 
these studies, respiratory acid-base changes predom- 
inated, even at increased lactate concentrations, 
whereas development of metabolic acidosis in arterial 
and mixed venous blood at almost constant arterial 
Pco, prevailed in our model. In many studies, intra- 
venous administration of sodium bicarbonate, con- 
tributing to a high Pco, in mixed venous blood 
(4,6,8), or hyperventilation and respiratory alkalosis 
in arterial blood (6-12,17), may have confounded the 
assessment of acid-base changes after a reduction in 
CO alone and may have obscured metabolic acid-base 
disturbances (5). The influence of time may also 
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contribute to the discrepancy of our results with 
others, as mixed venous respiratory acidosis may 
develop acutely during hypoperfusion (6-9) and as 
metabolic acidosis may evolve slowly after accumu- 
lation of lactic acid (1,3-5,7,8,13-17). Our results 
agree with studies on canine hemorrhagic shock in 
which metabolic acidosis developed in arterial and 
mixed venous blood, with superimposed respiratory 
acidosis in the latter (13-16). Coronary artery occlu- 
sion in dogs resulted in myocardial acidosis after a 
decreased bicarbonate concentration and an in- 
creased Pco,, indicating predominant metabolic aci- 
dosis with superimposed respiratory acidosis (19). 

The blood flow-dependent arteriovenous gradi- 
ents of Pco, and pH in this study thus agree with 
those during other low-flow states (6-18). The mech- 
anisms for these changes are not well understood. A 
high Pco, in venous blood and tissue during hypo- 
perfusion has been attributed to increased CO, pro- 
duction through bicarbonate buffering of lactic acid 
even in the absence of metabolic acidosis and of 
measurement of CO, production (10,11,13,15,16,19). 
Our results indicate that increased tissue Pco, during 
hypoperfusion cannot be simply explained by bicar- 
bonate buffering of organic acids and by increased 
CO, production. During physical exercise, an in- 
crease in lactate results in an equivalent decrease in 
bicarbonate and a greater increase in Vco, than in 
Vo, (31-33). Although Vco, decreased, an increased 
RQ may well be the result of buffering in our model 
(33). The buffering of lactic acid could only partly 
explain the decrease in bicarbonate during hemor- 
rhagic shock and coronary ischemia in the dog 
(14,16,19). Our results agree with these observations, 
so that bicarbonate buffering of lactic acid could only 
partly explain the increased RQ during hypoperfu- 
sion. Buffering of organic acids other than lactic acid, 
released during ischemia, anaerobic decarboxylation 
reactions, and preferential oxidation of carbohydrates 
including lactate in tissues with maintained oxidative 
capacity such as the heart, may have contributed to 
the elevated RQ (31,34). 

A low Feco, during hypoperfusion in our model 
was caused by decreased tissue CO, production and 
not by diminished pulmonary blood flow and in- 
creased dead-space ventilation. This argues against 
the suggestion by others that a high venous Pco,, a 
low end-tidal CO, tension, and a positive relation of 
the latter with blood flow are caused by flow- 
dependent decreases in CO, excretion by the lungs 
during hypoperfusion (6,7,9-11,17,18,20-22). Blood 
flow-dependent CO, production would also explain 
the relation of arterial Pco, to blood flow (at a given 
alveolar ventilation) during cardiopulmonary resusci- 
tation as found by others (22). The overshoot in 
end-tidal CO, tension after successful cardiopulmo- 
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nary resuscitation has been explained by washout of 
CO, accumulated during hypoperfusion (9,10,20-22). 
Our results, however, suggest that this overshoot can 
be partly explained by increased CO, production 
after reperfusion. 

Widening of the arteriovenous Pco, gradient dur- 
ing hypoperfusion may depend on hyperventilation 
and a decrease in arterial Pco, (8,10,17). Our results 
are not consistent with this idea, and the lack of a 
gradient during combined cardiorespiratory arrest 
(8,10) could be explained by a severely diminished 
tissue CO, production. Conversely, alveolar hyper- 
ventilation would limit the increase in tissue Pco, 
and would ameliorate tissue acidosis during isch- 
emia: a decreased arterial Pco, would lead to a 
decreased mixed venous Pco, and to an increased 
pH, if blood flow, CO, production, and thus the 
arteriovenous Pco, gradient are unchanged, as can 
be inferred from other studies also (15,17). Intrave- 
nously administered sodium bicarbonate increases 
CO, production, and this could aggravate intracellu- 
lar acidosis as CO, crosses cell membranes more 
rapidly than the bicarbonate ion (35). As our results 
indicate that the increased mixed venous Pco, during 
hypoperfusion is not caused by increased CO, pro- 
duction or by impaired CO, excretion by the lungs, a 
bicarbonate-induced increase in CO, production in 
mixed venous blood may only result in a paradoxical 
decrease in intracellular pH (at a given blood flow) if 
accompanied by an increase in arterial -Pco, not 
prevented by hyperventilation (4). Hence, the argu- 
ment that increased CO, production, mixed venous 
respiratory acidosis, and impaired pulmonary CO, 
excretion should preclude treatment of metabolic 
acidosis with bicarbonate during hypoperfusion 
(3,4,6-12,17,18,20-22) seems not true. 

The recommendation to assess the acid-base state 
in the tissues from venous and not from arterial blood 
because of elevated Pco, and pH gradients (6- 
8,10,17) is only partly valid, because the reduction in 
st. [ HCO, ] concentration in arterial blood equals that 
in mixed venous blood during hypoperfusion. Anal- 
yses of arterial blood could thus guide alkali therapy 
of (severe) metabolic acidosis to ameliorate the detri- 
mental effect of acidosis on the heart (35-37). This is 
of practical importance because arterial blood is usu- 
ally easier to obtain than mixed venous blood. Nev- 
ertheless, analysis of mixed venous blood is superior 
for judging tissue oxygenation; the decrease in mixed 
venous So, is greater than the modest changes in 
acid-base balance during ischemia. 

In conclusion, ischemia after incremental PEEP 
results in metabolic acidosis with superimposed res- 
piratory acidosis. This is not caused by increased 
production or by impaired pulmonary excretion of 
CO, but by a greater decrease in tissue blood flow 
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than in CO, production, so that CO, stores in the 
body increase. Decreased pulmonary blood flow and 
increased dead-space ventilation prevent a decrease 
in arterial Pco, by diminished CO, production. A 
smaller reduction in CO, production than in O, 
uptake is only partly explained by bicarbonate buff- 
ering of lactic acid. 
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Halothane Attenuates Small Arteriole Vasodilation to 
Serotonin (5-HT) in Skeletal Muscle 


Eleanor F. Asher, MD, Nancy L. Alsip, PhD, Ping Y. Zhang, MD; and Patrick D. Harris, PhD 
Departments of Anesthesia and Physiology, School of Medicine, and The Center for Applied Microcirculatory Research, 


University of Louisville, Louisville, Kentucky 


Inhaled anesthetics may have an effect on the micro- 
circulation through selective alteration of receptor- 
mediated control.. Halothane was chosen because its 
actions in the microcirculation have been determined 
pteviously. Serotonin has received recent attention as 
i aes mediator of vascular changes in a number 
disease states. We obtained concentration- 
response curves for serotonin-induced constriction of 
large arterioles and dilation of small arterioles 
(<60 pm diameter) in the cremaster muscle of 
halothane-anesthetized and decerebrate rats. Cre- 


esthetics act in the central nervous system to 

produce reversible changes in neurologic 
function, the exact mechanisms by which these 
agents inhibit synaptic transmission ate not known. 
Many theories of anesthetic action have been postu- 
lated, including the Meyer-Overton hypothesis, 
membrane expansion or disorder, and various lipid 
or protein interactions (1,2). Ultimately, whatever the 
mechanism, the most probable site of action lies in 
the cell membrane. Although the anesthetic action of 
the irlhaled anesthetics results from disruption in the 
neuronal membrane, significantly documented alter- 
ations of membrane function are not confined to the 
cell membranes of the central nervous system but are 
tissue-nonspecific. It is probable that many or all 
tissues are affected including cell membranes of vas- 
cular smooth muscle. 

The cell membrane is the site of receptors that act 
through second messenger systems (G proteins) that 
lie within the membrane and trigger intracellular 
events. Therefore, changes in membrane fluidity 
could influence receptor binding, coupling of the 


A though it is known that volatile inhaled an- 
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master muscles were prepared for microscopic view- 
ing, leaving the neural and vascular supply intact. 
Serotonin. concentration-response curves were ob- 
tained before and after receptor antagonist applica- 
tion. Large arteriole constriction was not affected by 
halothane. Dilation of small arterioles was decreased 
in halothane-anesthetized animals but enhanced in 
the presence of methysergide, a nonspecific antago- 
nist. These data indicate that halothane interferes 
with occupancy of 5-hydroxytryptamine receptors. 
(Anesth Analg 1991;73:583-9) 


receptor and second messenger system, and trans- 
mission of the second messenger to the effector site. 
It is known that some inhaled anesthetics can alter 
interactions between muscarinic acetylcholine recep- 
tors and G proteins in rat brainstem (2,3). 

- In humans, halothane, enflurane, and isoflurane 
have similar cardiovascular effects, although the mag- 
nitude of these effects is. dose-dependent. This simi- 
larity of effect was also shown in rats by Seyde and 
Longnecker (4) who further demonstrated that re- 
gional blood flow distribution was similar in most 
organ systems of rats anesthetized with any one of 
these three anesthetics. Previous studies of the mi- 
crocirculation involved halothane and several other 
anesthetics that are no longer used clinically (diethyl 
ether, cyclopropane, and methoxyflurane). General- 
ized small artery and vein dilation was demonstrated 
in response to halothane in a variety of vascular beds 
(5). However, no data have been reported previously 
on anesthetic modification of receptor control of 
vascular smooth muscle. 

We elected to use halothane as a prototype of an 
inhaled anesthetic in our study. Even though its 
clinical use is less common than enflurane or isoflu- 
rarie, it is still included in clinical practice in the 
United States and is frequently used in other coun- 
tries. More importantly, of these inhaled anesthetics, 
halothane is the only one whose actions in the 
microcirculation have been previously studied. 
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To study the microcirculation of sensitive deep 
tissues, it is necessary to use an anesthetic. This 
creates a dilemma in attempting to compare the 
anesthetic influence on the vessels versus their status 
in an awake state. We used decerebrate rats as a 
control group to alleviate this problem. Transection of 
the brainstem at the midcollicular level produces 
neurosurgical anesthesia and negates the use of an- 
esthetic drugs and their potential cardiovascular or 
microvascular interactions. This preparation most 
closely approximates the regional hemodynamic sta- 
tus of an awake rat (6) and is specifically recom- 
mended for in vivo skeletal muscle microvascular 
studies. Not only are the obvious complications of 
anesthesia avoided, but arteriolar tone and vasomo- 
tion are preserved in the skeletal muscle microcircu- 
lation (7). 

Recently, attention has focused on the clinical 
importance of serotonin (5-hydroxytryptamine, 
5-HT). Serotonin may play an important role in 
hypertension (8-12) and in a variety of vascular 
diseases including intermittent claudication (13), 
preeclampsia (14), Raynaud’s phenomenon (15), and 
carcinoid syndrome (16). The recent development of 
potent and selective serotonergic antagonists has 
spurred research in this area to further define sero- 
tonin’s role in cardiovascular control mechanisms 
(17). 

Serotonin has unique microvascular effects. This 
amine can constrict or dilate blood vessels. In the 
cremasteric (18), pial (19), and coronary (20) mi- 
crovasculature, serotonin constricts larger distribut- 
ing arterioles but dilates small precapillary arterioles. 
In the cremaster muscle, serotonin acts on separate 
5-HT receptors to cause constriction (5-HT, receptors) 
or dilation (5-HT,-like receptors) (21). Because of the 
dual actions of serotonin, both constrictor and dilator 
mechanisms can be studied simultaneously. Our pur- 
pose was to determine whether halothane altered 
receptor control of the microcirculation by serotonin. 
Serotonin was used in this study because it has 
potential clinical relevance and its actions in the 
skeletal muscle microvasculature have been well de- 
fined. 


Methods 


Male Sprague-Dawley rats were purchased as wean- 
lings (50-75 g) and were caged individually in a room 
that was temperature and humidity controlled with a 
12-h light/12-h dark cycle. They were fed standard 
laboratory rat diet with access to tap water ad libitum 
until body weight reached 140-160 g (~14-18 days 
after weaning or 5-6 wk of age). All protocols were 
approved before the study by the University of Lou- 
isville Institutional Animal Care and Use Committee. 


ANESTH ANALG 
1991 ;73:583-9 


On the day of an acute experiment, a rat was 
decerebrated or anesthetized with halothane as de- 
scribed below. 


Decerebration 


These animals were initially anesthetized (intraperi- 
toneally) with urethane (800 mg/kg) and a-chloralose 
(60 mg/kg). Decerebration was done according to the 
technique of Faber et al. (7). The head of the rat was 
placed in a Kopf stereotaxic instrument, the cranium 
was exposed, and a bilateral parietal craniotomy was 
performed with a power-driven No. 8 dental burr. 
The exposed dura mater was cut with care to avoid 
the large meningeal vessels and the midsagittal sinus, 
which could lead to blood loss and air emboli. A 
micromanipulator with a custom-designed knife 
blade was used to transect the brain at a calculated 
distance (approximately 3.0 mm for a 150-g rat) 
posterior to bregma without section of the midsagittal 
sinus or of the large vessels at the base of the 
midbrain (posterior cerebral and communicating ar- 
teries). Periosteal and bone hemorrhage was slight 
and was arrested with a ferric subsulfate solution. 
This approach minimizes total blood loss to less than 
0.5 mL. Subsequently, all animals received 2 mL of 
saline solution subcutaneously as replacement for 
any evaporative and bladder fluid loss during the 
experiment. 

The craniotomy was closed with Gelfoam (Upjohn) 
and Stickywax (Englehard) after verification of mini- 
mal brain swelling at the lesion site. The cut skin 
margins and periosteum were covered with xylocaine 
hydrochloride (2%, Lidocaine jelly), and the scalp 
wound was closed. 


Halothane 


The animal was placed in a 4-L sealable plastic 
container with an inlet and outlet port on opposite 
ends. The inlet port was connected to a halothane 
vaporizer (Fluotec, Cyprane Ltd., U.K.). The outlet 
port was connected to a low-level suction exhaust (to 
prevent contamination of the laboratory with 
halothane). Compressed air at a 1-L/min flow was 
directed through the vaporizer and was regulated by 
a flow meter. Halothane concentration was continu- 
ously monitored by a Puritan-Bennett Anesthetic 
Agent Monitor 222 (Datex, Puritan-Bennett Corp., 
Kansas City, Mo.), which was positioned between 
the vaporizer and the animal. For anesthetic induc- 
tion of the animal within the container, halothane 
concentration was maintained at 2.5% for 60 + 10s, 
at which time the animal lost the righting reflex. The 
anesthetized animal was then removed from the 
bottle, and the face of the rat was covered by a 
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snug-fitting mask that was connected to the vaporizer 
and suction exhaust. The right carotid artery was 
cannulated and a tracheostomy was performed. The 
mask was removed and the vaporizer and suction 
exhaust were connected to the tracheostomy tube via 
a T-tube. The cremaster muscle was surgically pre- 
pared for microscopy. During these surgical proce- 
dures, the halothane concentration was maintained 
at 1.2%-1.5%, which prevented animal movement in 
response to surgical stimulus. After surgery and for 


the remainder of the experiment, the inspired 


halothane concentration was maintained at-0. 7% an 
0. a . 


Cremaster Preparation 


In both decerebrate and halothane-anesthetized rats, 
one carotid artery and the trachea were cannulated to 
monitor arterial pressure and to maintain a patent 
airway. 

To prepare the cremaster muscle for microscopic 
observation (7,18), the right scrotal sac was incised 
and the cremaster-enclosed testicle was gently dis- 
sected free of connective tissue. The cremaster mus- 
cle was then incised and dissected free of the testicle. 
This procedure left intact circulation and neural con- 
nections to the cremaster. 

The testicle was gently pushed into the abdominal 
cavity. The animal was placed on a plexiglass board, 
and the cremaster muscle was positioned by sutures 
over an optical port in the bottom of a 60-mL tissue 
bath that was attached to the plexiglass board. The 
bath was filled with a modified Krebs’ solution 
(113 mM NaCl, 11.6 mM dextrose, 4.7 mM KCI, 
1.2 mM MgsSO,:7 H,O, 1.2 mM KH,PO,, 2.6 mM 
CaCl,-2 H,O, and 25 mM NaHCO,). Bath tempera- 
ture was maintained at 34.5 + 0.5°C by an indwelling 
bath heating unit. Nitrogen and CO, gases were 
bubbled continuously through the cremaster bath to 
constantly stir the bath, to provide pH control (by 
CO, flow), and to regulate O; tension in the bath (by 
N; flow to carry away dissolved O3). These gas flows 
were set to maintain bath pH at 7.4 + 0.05, oxygen 
tension at 30-50 mm Hg, and CO, tension at 
35-40 mm Hg. 

Rectal temperature of the animal was monitored 
and maintained at 37°-38°C by a heating pad under 
the animal. The arterial pressure of the animals was 
continuously monitored, and any animal with a mean 
arterial pressure lower than 80 mm Hg or with 
unstable blood pressure was excluded from subse- 
quent data analyses. 

The microvessels in the cremaster were viewed at 
approximately 850x magnification-on a video moni- 
tor that was part of a calibrated closed-circuit televi- 
sion OSEO system. Inside vessel diameters 
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were measured with calipers from the monitor 
screen. The red cell column, which is easily visible, 
was measured to determine inside vascular diame- 
ters. The images were recorded on videotape and 
subsequently used for verification of diameter mea- 
surements. 


Microvascular Data 


After the decerebration procedure, there was a 3-4-h 
animal stabilization period to dissipate the cardiovas- 
cular effects of the anesthetic through metabolism (7). 
After preparation of the cremaster muscle for micros- 
copy in both the halothane-anesthetized and decere- 
brate animals, there was a cremaster stabilization 
period of 30-60 min. During this period, all variables 
were monitored to ensure stable values, and mi- 
crovessels were selected for observation. 

In all experiments, vessel diameters were mea- 
sured for the major large arteriole and vein pair (A1 
and V1, respectively) that supply the cremaster and 
for smajler arterioles (A3) that had spontaneous va- 
somotion (rhythmical cycles of partial vasoconstric- 
tion and vasodilation). These A3 vessels were se- 
lected from the same general area of the cremaster 
muscle for each animal. Microvascular images were 
recorded on videotape for later measurements of 
vessel diameter and A3 vasomotion at 1-min inter- 
vals. 


Protocol for Serotonin Dose-Response Curves 


After the cremaster stabilization period, there was a 
20-min baseline period. Vessel diameters and fre- 
quency of vasomotion were measured at 1-min inter- 
vals during the last 10 min of this period. Then 5-HT 
(serotonin) was added directly to the cremaster 
bath to give a 5-HT concentration in the bath of 1 x 
107°? M, which remained in the bath for 10 min. The 
concentration of 5-HT in the bath was increased in 
10-fold increments (with 10 min at each concentra- 
tion) until the last 5-HT concentration in the bath was 
1 x 1074 M. After this 5-HT concentration, the 
cremaster bath was drained and refilled repeatedly 
with fresh Krebs’ solution to wash out the serotonin. 
Vessel diameters and vasomotion were measured at 
1-min intervals during each 10-min 5-HT period. 
Vessel diameters were measured at 5-min intervals 
during the washout period. 

Once the vessels had returned to within 5% of 
their baseline diameters, one ‘of the 5-HT antagonists 
(methysergide for blockade of both 5-HT, and 5-HT, 
receptors, or LY53857 for specific blockade of the 
5-HT, receptor only) was added to the cremaster 
bath, and this antagonist remained in the bath for the 
remainder of the experiment. After the antagonist 
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had been in the bath for 20 min, vessel diameters and 
vasomotion were measured at 1-min intervals for an 
additional 10 min; then, a full 5-HT concentration- 
response curve over the 107°-1074 M range was 
repeated in the presence of the antagonist. No antag- 
onist was added for the second concentration- 
response curve in the control groups. After the 
highest dose of 5-HT had been added in the 
second dose-response curve of all groups, the non- 
specific vasodilator papaverine (107° M) was added 
to the cremaster bath to assess the dilator capacity of 
the vessels. 


Data Analyses © 


Log concentration-response curves were obtained for 
both the large Al and small A3 arterioles. As the 
maximal constriction for the Al arterioles was not 
obtained, the data for the Al diameters were ex- 
pressed as percent changes from baseline. 

There was wide variability among the A3 baseline 
diameters because these vessels had different levels 
of basal sympathetic tone; therefore, the A3 data at 
each dose were expressed as a percent of maximal 
dilation capacity by the following formula: 


Dilator capacity at dose (%) = 
(Vessel diameter at dose x) — (Baseline diameter) mat 
(Maximal diameter with papaverine) — (Baseline diameter) 


The EDs values for the responses of the A3 
arterioles were calculated by a probit analysis. The 
EDs) values could not be obtained for the Al re- 
sponses as maximal Al constriction was not ob- 
tained. EDs) values were converted to pD, values 
(pD) = —log EDs), which measure microvascular 
sensitivity to 5-HT. 

Comparisons among the treatment groups were 
made by one-way analysis of variance, using the 
Bonferroni procedure for multiple comparisons (22). 
For any comparison of only two groups, an unpaired 
t-test was applied to the data. The statistical signifi- 
cance level was P < 0.05. All data values are reported 
as the mean + SEM. 


Results 


Six groups of animals were studied: (a) seven decer- 
ebrate control animals with two 5-HT concentra- 
tion-response curves but no antagonist; (b) 11 
decerebrate-methysergide animals that had a 5-HT 
concentration-response curve followed by a second 
S-HT concentration-response curve with methyser- 
gide in the cremaster bath; (c) eight decerebrate 
LY53857 animals that had a 5-HT concentration- 
response curve followed by a second 5-HT concen- 
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Table 1. Baseline Mean Arterial Blood Pressure 


Baseline MAP — 
Decerebrate Halothane 
(mm Hg) (mm Hg) 
Control 111 + 4.3 79+1.4 
(n = 7) (n = 7) 
Methysergide 104 + 3.2. 90 + 4.0 
(n = 11) (n = 7) 
LY53857 109 + 2.2 93 + 4.2" 
(n = 8) (n = 10) 


MAP, mean arterial blood pressure. 
“Halothane significantly (P < 0.05) differs from decerebrate. 


Table 2. Al Baseline Diameters 


Diameter 
Decerebrate Halothane 
(mm) (um) 
Control 105 + 7.0 90 + 2.0 
Methysergide 114 + 6.7 89 + 8.6 
LY53857 97 + 8.4 105 + 6.0 


tration-response curve with LY53857 in the cremaster 
bath; (d) seven halothane control animals with two 
5-HT concentration-response curves but no antago- 
nists; (e) seven halothane-methysergide animals that 
had a 5-HT concentration-response curve followed by 
a second 5-HT concentration-response curve with 
methysergide in the cremaster bath; and (f) 10 
halothane-LY53857 animals that had a 5-HT concen- 
tration-response curve followed by a second 5-HT 
concentration-response curve with LY53857 in the 
cremaster bath. 

Mean arterial pressures in the halothane-anesthe- 
tized animals were significantly less during the pre- 
serotonin baseline period than in the decerebrate 
groups (Table 1). Yet, the large distributing A1 arte- 
rioles had similar baseline diameters in the 
halothane-anesthetized and decerebrate groups (Ta- 
ble 2). Likewise, the small precapillary A3 arterioles 
had similar baseline diameters for comparison of the 
halothane and decerebrate groups (Table 3). The only 
significant differences were the A3 diameters in the 
halothane-anesthetized group in the presence of 
LY53857, Although the absolute values were smaller 
in this group, the dilator capacity was not different 
from that of any of the other groups. Thus, the data 
analysis was not affected. - 

Serotonin produced a-dose-dependent contraction 
of the large distributing A1 arterioles in the cremaster 
muscle, and the magnitude of this contraction was 
similar in both the halothane-anesthetized and decer- 
ebrate animals (Figure 1) at all serotonin concentra- 
tions (except for 107° M). Methysergide, a nonspe- 
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Table 3. A3 Baseline and Maximal Diameters 
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Baseline Maximal] 
Decerebrate Halothane Decerebrate Halothane 
(jam) (um) (am) (um) 
Control 11.7 + 1.16 12.7 + 1.38 25.6 + 221 19.8 + 0.94 
Methysergide 8.9 + 0.73 9.6 + 1.07 21.1 + 1.06 19.4 + 1.31 
LY53857 10.3 + 0.97 8.4 + 0,48" 23.3 + 1.49 17.9 + 1.09% 


“Significantly (P < 0.05) differs from halothane control. 
*Halothane significantly (P < 0.05) differs from decerebrate. 





` PERCENT OF BASELINE DIAMETER 


= 
SEROTONIN (log M) 


Figure 1. The control concentration-response curves to 5-HT in 
large distributing arterioles 'A1) in the decerebrate (open circles) and 
halothane-anesthetized (filled circles) groups. The ordinate gives 
data as percent of baseline diameter, where values less than 100% 
indicate constriction. Asterisks indicate a significant (P < 0.05) 
difference between the groups at that concentration. 


cific antagonist of serotonin receptors, completely 
blocked this serotonin-induced contraction of large 
A1 arterioles in both animal groups (data not shown). 
Likewise, a specific antagonist of the 5-HT, receptor 
subtype also blocked the serotonin-induced contrac- 
tion of Al (data not shown) in both the halothane- 
anesthetized and decerebrate animal groups. 

In contrast to the constriction of the large Al 
arterioles, serotonin produced a dose-dependent di- 
lation of the small precapillary A3 arterioles in the 
cremaster muscle, but the magnitude of this dilation 
was somewhat smaller at the higher (1076 through 
1074) serotonin concentrations in the halothane- 
anesthetized animals (Figure 2). Methysergide 
blocked this serotonin-induced dilation of small A3 
arterioles for all but the highest (10~* M) concentra- 
tion of serotonin in the decerebrate animals (Figure 
3). Methysergide also blunted the serotonin-induced 
dilation of small A3 arterioles in the halothane- 
anesthetized animals, but the small precapillary A3 
arterioles in these animals still exhibited a significant 
dilation for all but the lowest (107°?) serotonin con- 
centration (Figure 3). 

The specific 5-HT, receptor antagonist (LY53857) 
did not have any significant effect on the dose- 
dependent serotonin-induced dilation of small pre- 


PERCENT OF DILATOR CAPACITY 





-7 ~§ 
SEROTONIN (iog M) 


Figure 2. The control concentration-response curves to 5-HT in 
small precapillary arterioles (A3) in the decerebrate (open circles) 
and halothane-anesthetized (filed circles) groups. The ordinate 
gives data as percent of the dilator capacity (see text for details), 
where values greater than zero indicate dilation. Asterisks indicate 
a significant (P < 0.05) difference between groups at that concen- 
tration. 


ggg 


79 


PERCENT OF DILATOR CAPACITY 





Figure 3. The concentration-response curves to 5-HT in small 
precapillary arterioles (A3) during the presence of methysergide (a 
5-HT, and 5-HT, antagonist) in the decerebrate (open circles) and 
halothane-anesthetized (filled circles) groups. The ordinate gives 
data as percent of the dilator capacity (see text for details), where 
values greater than zero indicate dilation. Asterisks indicate a 
significant (P < 0.05) difference between the groups at that 
concentration. 


capillary A3 arterioles in the decerebrate animals 
(data not shown) at the 107” concentration or in the 
halothane-anesthetized animals (data not shown), 
Calculations of pD, values (from the agonist con- 
centrations that give half-maximal dilations) provide 
a well-accepted approach to determine receptor reac- 
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Table 4. Serotonin pD, Values for Dilation of Third- 
Order Arterioles 


pD, Values 
Decerebrate Halothane 
Control 7.36 + 0.268 : 7.99 + 0.427 
Methysergide <4.00° | 5.48 + 0.403? 
LY53857 6.93 + 0.308 7.72 + 0.480 


“The response to serotonin did not reach a 50% dilation even at the 
highest concentration of 107* M. 

*Halothane-methysergide significantly (P < 0.05) differs from decere- 
brate-methysergide. 

‘Statistically significant (P < 0.05) difference between groups. 


tivity to specific agonists. The pD, values for small A3 
arteriole reactivity to serotonin were similar in the 
decerebrate and halothane-anesthetized animals 
(control in Table 4), and the specific 5-HT, receptor 
antagonist (LY53857) had no significant effect on A3 
reactivity to serotonin in either group (Table 4). 
Methysergide, a nonspecific 5-HT receptor antagonist 
significantly reduced serotonin receptor reactivity in 
small A3 arterioles of both decerebrate and 
halothane-anesthetized rats (Table 4). But small A3 
arteriole reactivity (pD,) to serotonin was signifi- 
cantly greater in the halothane-anesthetized animals 
than in the decerebrate animals during the presence 
of the serotonin receptor antagonist methysergide 
(Table 4). 


Discussion 


The mechanisms by which general anesthetics selec- 
tively influence the microcirculation of some organ 
systems have not been studied extensively, yet it is 
these microcirculatory mechanisms that determine 
nutrient blood flow and O, delivery to cellular sys- 
tems. The vasoactive amine serotonin, which gives 
differential effects in the microcirculation through 
actions on several 5-HT receptor subtypes (21), was 
the subject of recent clinical interest because of its 
potential causative linkage to a number of hyperten- 
sive disorders (17). In our study, serotonin produced 
a dose-dependent contraction of the large distribut- 
ing Al arterioles, and this concentration-response 
curve was similar in the halothane-anesthetized and 
decerebrate animals. Both methysergide, a 5-HT, and 
5-HT, serotonin receptor antagonist, and LY53857, a 
specific 5-HT, receptor antagonist, blocked the sero- 
tonin-induced contraction of these A1 arterioles in 
both animal groups. Thus, halothane does not appear 
to alter the 5-HT, receptor control of the microvascu- 
lature, at least not in skeletal muscle. 

Halothane, however, appears to alter the 5-HT, 
receptor-mediated response in the small A3 arteri- 
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oles. At serotonin concentrations of 107° M and 


. greater, the A3 arterioles of our halothane-anesthe- 


tized animals dilated significantly less than those of 
decerebrate animals. In contrast, the halothane group 
demonstrated significantly more dilation than the 
decerebrate group when methysergide was present. 
These results could represent an action of halothane 
to reduce the binding of agonists (such as serotonin) 
and antagonists (such as methysergide) to the 5-HT, 
receptor. 

As an alternative explanation, the reduced seroto- 
nin-induced A3 dilation in halothane-anesthetized 
rats could reflect an action of halothane to reduce the 
release of endothelium-derived relaxing factor 
(EDRF), a substance that is thought to alter microvas- 
cular reactivity to several agonists (23,24). Serotonin 
dilates large veins and arteries through the release of 
EDRF from endothelial cells (25,26), and this seroto- 
nin-induced EDRF release is dependent on calcium 
(27,28), at least in some tissues. Malancinico et al. (29) 
have demonstrated that halothane decreases the 
fast component of cellular calcium uptake. The de- 
crease in serotonin-induced dilation of small A3 
arterioles in the halothane-anesthetized animals of 
our study could reflect an inhibition of EDRF 
release through halothane depression of the mecha- 
nisms that control the fast component of cellular 
calcium uptake. Other data also support indirectly 
the idea that halothane reduces EDRF release. De- 
creased release of EDRF occurs in hypertensive 
rats (30), and halothane anesthesia markedly de- 
creases regional blood flow to several organs in 
hypertensive rats (31). On the other hand, unlike 
large arteries and veins, serotonin-induced dilation of 
small arterioles in striated muscle is not mediated by 
EDRF (32); thus, the action of halothane to reduce 
serotonin-induced dilation of small arterioles cannot 
be solely an action of halothane to reduce EDRF 
release. 

Serotonin plays a role in differential vascular con- 
trol mechanisms in the microcirculation and some of 
these serotonin mechanisms are altered by 
halothane. It now seems likely that anesthetics may 
selectively alter different microvascular mechanisms 
to give vastly different microcirculatory perfusion 
patterns in some organ systems during anesthesia. 
Thus, anesthetic modulation of hormonal control in 
the microcirculation of different organ systems merits 
more research attention to identify new criteria for 
anesthetic selection in patients whose peripheral vas- 
culature is altered by disease states or shock of 
traumatic, septic, or cardiogenic origin. 


We thank Patricia Bensinger for editorial assistance. 
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Effects of Augmenting Cardiac Contractility, Preload, and 
Heart Rate on Cardiac Output During Enflurane Anesthesia 


Michiko Sato, MD, Sumio Hoka, Mp, Hiroyuki Arimura, MD, Kyoichi Ono, MD, and 


Junichi Yoshitake, MD 


Department of Anesthesiology and Critical Care Medicine, Faculty of Medicine, Kyushu University, Fukuoka, Japan 


Changes in cardiac output in response to augmenting 
cardiac contractility, preload, and heart rate during 

urane anesthesia were examined in 12 open- 
chested dogs. Cardiac contractility was assessed by 
the slope of the end-systolic pressure-volume relation 
(Ema). Dobutamine (3, 6, and 9 wg-kg~*-min~*) was 
administered to augment cardiac contractility. Autol- 
ogous blood (5.0 and 10 mL/kg) was infused to 
increase preload. Atrial pacing was used to increase 
the heart rate by about 30%. Cardiac output de- 
creased from 96 + 4 (0% enflurane) (mean + se) to 
73 + 5 (1.7% enflurane) and to 46 + 7 mL-kg~}-min7! 
(3.4% enflurane), concomitantly with decreases in 
Emax from 6.0 + 1.2 (0% enflurane) to 4.5 + 1.2 (1.7% 
enflurane) and to 2.5 + 0.5 mm Hg/mL (3.4% enflu- 
rane). Dobutamine (3, 6, and 9 yg-kg™*-min™*) in- 
creased E__,, from 69% + 7% (compared to 0% enflu- 


rane-induced circulatory depression have 
been studied, there are few reports that ex- 
amine methods to counteract enflurane-induced cir- 
culatory depression (1-8). We sought to find an 
appropriate use of therapeutic means to counteract 
enflurane-induced decreases in cardiac output. Car- 
diac output (CQO) is the product of stroke volume and 
heart rate (HR), and the former is determined by 
preload, afterload, and cardiac contractility (9). We 
therefore examined the effect of selective augmenta- 
tion of cardiac contractility, preload, and HR on CO 
and hence on the hemodynamics during enflurane 
anesthesia. Reducing afterload was not examined, as 
a reduction of systemic vascular resistance causes 
further decrease in systemic arterial blood pressure 
during enflurane anesthesia. 
Cardiac contractility has often been investigated by 
the use of indices that are easily influenced by load- 


A Ithough the causes and mechanisms of enflu- 
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rane with no dobutamine) to 139% + 15%, 167% + 
25%, and 183% + 35% at 1.7% enflurane, and from 
43% + 8% to 78% + 7%, 137% + 20%, and 157% + 22% 
at 3.4% enflurane, respectively. The decreases in car- 
diac output by 1.7% and 3.4% enflurane were reversed 
by the intravenous administration of 3 zg-kg~*-min™? 
of dobutamine. Cardiac output was significantly in- 
creased by administration of 10 mL/kg of autologous 
blood at 1.7% enflurane, but did not significantly in- 
crease at 3.4% enflurane. Increasing the heart rate did 
not significantly increase cardiac output at 1.7% and 
3.4% enflurane. The results of this study suggest that 
increasing cardiac contractility is the most effective 
therapeutic means of reversing circulatory depression 
during enflurane anesthesia. 

(Anesth Analg 1991;73:590--6) 


ing conditions, such as maximum dP/dt, ejection 
fraction, or systolic shortening of the free wall (10,11). 
As both preload and afterload are likely to change 
during enflurane anesthesia, such indices would not 
properly reflect the changes in cardiac contractility. 
The slope of the end-systolic pressure-volume rela- 
tion (E,,,.) is sensitive to the contractile state of the 
myocardium but relatively independent of loading 
conditions (12-15). Therefore, we used Emex as an 
index of cardiac contractility. 


Methods 
General Preparation 


Experiments were performed on 12 mongrel dogs 
with body weights ranging from 10 to 16 kg. This 
study was approved by our institutional animal in- 
vestigation committee. Anesthesia was induced with 
thiopental (20 mg/kg) and maintained with an infu- 
sion of a-chloralose (10 mg-kg~*-h~*). a@Chloralose 
was used for basal anesthesia because it has a minor 
effect on hemodynamics (16). The trachea was intu- 
bated, and constant-volume intermittent positive- 
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pressure ventilation at a rate of 14 breaths/min with a 
mixture of oxygen and nitrogen was instituted to 
produce normocapnia and to keep arterial oxygen 
tension at approximately 150 mm Hg. Arterial blood 
pressure was measured by means of a catheter placed 
in the aorta through the right axillary artery. This 
catheter was connected to a Statham pressure trans- 
ducer (P23ID). A catheter was placed in the superior 
vena cava through the jugular vein for infusion of 
drugs. Another catheter was placed in the inferior 
vena cava through the femoral vein for administra- 
tion of fluid and withdrawal of blood. Autologous 
blood (10 mL/kg) was withdrawn into a heparinized 
container, and 10 mL/kg of dextran was simulta- 
neously infused to replace the withdrawn blood. The 
electrocardiggram (lead I) was monitored continu- 
ously. Body temperature was maintained between 37 
and 38°C by external warming. 

The chest was opened through a median sternot- 
omy. The pericardium was cut open, and the heart 
was suspended in a pericardial cradle. A 10- to 
14-mm electromagnetic flow probe (FR, Nihon Koh- 
den, Japan) was placed on the ascending aorta, and 
aortic blood flow was measured with a flow meter 
(MFV-2100, Nihon Kohden). Left ventricular pres- 
sure was measured by a catheter-tipped high-fidelity 
micromanometer (MPC-500, 7F; Millar Instruments, 
Houston, Tex.) inserted through the left ventricular 
apex. Pacing electrodes were sutured to the right 
atrial appendage. A constant-current stimulator (ex- 
ternal pacemaker 202; Cynergy, Wash.) was used for 
atrial pacing. Arterial blood pressure, left ventricular 
blood pressure, left ventricular end-diastolic pressure 
(LVEDP), electrocardiogram, dP/dt of left ventricular 
pressure, and aortic blood flow were recorded on an 
eight-channel chart recorder. 


Aortic Occlusion 


We used an aortic occlusion method to obtain the 
slope of the end-systolic pressure-volume relation 
line described by Igarashi and Suga (17). The ascend- 
ing aorta between the flow probe and the brachio- 
cephalic artery was abruptly occluded with vascular 
forceps in diastole following steady-state ejecting 
contractions to produce an isovolumic contraction. 
The contraction was considered to be isovolumic 
when it was associated with (a) no ejection in the 
aortic flow, (b) a monotonic decrease of the aortic 
pressure, and (c) a smooth sinusoidal left ventricular 
pressure contour as shown in Figure 1. Each aortic 
occlusion was performed when left ventricular pres- 
sure and aortic flow tracings of ejecting contractions 
reached steady state at about 10 s after the respirator 
was stopped in the expiratory phase. 
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Figure 1. Measurement of Ema (A) Representative recordings 
displaying the measurement of Emax The aorta was clamped in 
diastole after ejecting contraction, which produces two beats with the 
same preload (ejecting [open circle} and isovolumic [closed circle}). 
Successful aortic clamping is ascertained by the lack of simultaneous 
elevation of arterial pressure or arterial flow. (B) Schematic diagram of 
Emax The pressure-volume loop of two beats (open and closed circles) 
can be drawn as shown in the figure. Connecting the isovolumic peak 
pressure t with the upper left corner of the ejecting loop gives 
E ECG, electrocardiogram, Ved, end-diastolic volume; V0, vol- 
ume axis intercept of end-systolic pressure-volume relationship. 


Data Acquisition 


Cardiac output was assessed by aortic blood flow. 
Stroke volume was obtained by dividing CO by HR, 
which was an average of 10 beats before aortic occlu- 
sion. It was reasonable to assume that the last eject- 
ing contraction and the first isovolumic contraction 
had the same left ventricular end-diastolic volume in 
the same contractile state. Therefore, we superim- 
posed two pressure-volume trajectories of the eject- 
ing and isovolumic contractions in the same pressure- 
volume diagram so that their end-diastolic volumes 
were equalized. We drew a straight line from the 
peak systolic pressure point of the isovolumic con- 
traction tangential to the left upper corner of the 
pressure-volume trajectory of the ejecting contraction 
according to the end systole. We defined this tangen- 
tial line to represent the end-systolic pressure-volume 
line and its slope to be Emax, because the end-systolic 
pressure-volume relation line was defined as the line 
passing through the left upper corners, namely, 
end-systolic points of the pressure-volume loops of 
variably loaded contractions in a given constant con- 
tractile state. Thus, Emax could be determined as the 
incremental ratio of ventricular pressures to volumes 
without measuring absolute volume of the left ven- 
tricle. 


Experimental Protocol 


Three series of experiments were designed to alter 
cardiac contractility, HR, and preload. Dobutamine 
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Table 1. Hemodynamic Responses to Dobutamine Infusion in Dogs During Enflurane Anesthesia 
Dobutamine (ug:kg7'+min~?) 
0 3 ` Æ 9 
CO (mL-kg™?-min™?) 
0% ENF y 96 + 4 1225" 136 + 6° 145 + 18° 
1.7% ENF 73 ee 109 + 7 124 + 7 134 + 9 
3.4% ENF 46 + 7 106 + 11° 119 + 11°? 134 + 13%? 
Emax (mm. g/mL) 
0% ENF 6.0 + 1.2 i277 M1227 27225 
1.7% ENF 4.5 + 1.2 7.8 + 1.8° 10.0 22.2" 11.0 + 2.0% 
3.4% ENF 25207 4.3 + 0.7" 7.2 + 1.3"Ż 8.1 + 1.3%? 
MAP (mm Hg) 
0% ENF 109 + 4 137 + 6" 141 + 6° 141 + 7 
1.7% ENF 72 +: 6" 106 + 6° 114 + 6 116 + 6° 
3.4% ENF 48 +3" 89 + 5b 98 + 5? 102 + 5? 
HR (beats/min) 
0% ENF 128 + 11 142 + 12 159 + 12" 169 + 12" 
1.7% ENF 112 + 8* 130 + 10° 144 + 14° 154 + 16%? 
3.4% ENF 111 + 8 124 + 7 133 + 10° 140 + 12° 
LVEDP (mm Hg) 
0% ENF 7.3 + 0.5 5.0 + 0.5¢ 4.5 + 0.6 4.8 + 0.5 
1.7% ENF 6.0 + 0.5 5.0 + 0.3" 4.8 + 0.3" 4.6 + 0.4? 
3.4% ENF 6.5 +11 6.3 + 0.7 5.8 + 0.6 5.0 + 0.5%? 
dP/dt {mm Hg/s) 
0% ENF 2698 + 332 5229 + 706° 7096 + 706° 8300 + 581° 
1.7% ENF 1536 + 166" 4150 + 540%” 5312 + 581°% 6349 + 664°? 
3.4% ENF 747 + 428 2615 + 332° 3652 + 415%? 4399 + 374% 
SVR (mm Hg-L7?-min™?) 
95 +9 94 + 6 86 + 6 81 +5 
1.7% ENF 82 + 13 81 + 13 77 +11 72 + 10 
3.4% ENF 87 + 17 70 + 11 67 + 10 63 + 9 


CO, cardiac output; Emay slope of end-systolic pressure-volume relationship; MAP, mean arterial pressure; HR, heart rate; LVEDP, left ventricular 
end-diastolic pressure; dP/dt, maximal rate of rise of left ventricular blood pressure; SVR, systemic vascular resistance; ENF, enflurane. 


“P < 0.05 vs control (0% enflurane, no dobutamine). 
tp < 0.05 vs no dobutamine. 


(3, 6, and 9 yug-kg~'-min~*) was administered to 
increase cardiac contractility. Atrial pacing was per- 
formed to increase the HR by about 30%. Autologous 
blood (5 and 10 mL/kg) was infused to increase preload. 
At first, under basal anesthesia (0% enflurane), dobu- 
tamine administration was performed (n = 12). Then, 
the animal was anesthetized with 1.7% or 3.4% enflu- 
rane. The order was randomized. Twenty minutes 
were allowed for a steady cardiovascular state to be 
achieved after each alteration in inspired concentration. 
At 1.7% and 3.4% enflurane, dobutamine infusion (n = 
12), volume load (n = 7), and atrial pacing (n = 7) were 
challenged. Those interventions were randomized. 
Aortic occlusion was performed at each challenge dur- 
ing the steady state of hemodynamics. After volume 
load, the same amount of blood was withdrawn. En- 
flurane was administered from a Enfluwick vaporizer 
(Murano Medical, Japan). The vaporizer had been cal- 
ibrated over the appropriate range of concentrations 
using an anesthesia/respiratory gas monitor (Raman 
Scattering Gas Monitor, Rascal, Albion Instruments), 


and its ability to maintain these concentrations over the 
time-course of the study was established. 


Statistical Analysis 


Data are expressed as the mean + sem. The data were 
analyzed with analyses of variance for repeated mea- 
sures. Means were compared with Fisher's least 
significant difference test using StatView (Abacus 
Concepts, Berkeley, Calif.) software. P values of less 
than 0.05 were considered significant. 


Results 


Enflurane produced dose-related decreases in CO 
and Emax (Table 1). Cardiac output decreased by 24% 
and 52% at 1.7% and 3,4% enflurane, respectively. 
The Emax decreased by 31% and 57% at 1.7% and 
3.4% enflurane, respectively. The mean arterial blodd 
pressure (MAP), HR, and dP/dt decreased at 1.7% 
and 3.4% enflurane. Left ventricular end-diastolic 
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Figure 2. Effects of dobutamine infusion on hemodynamics during 
1.7% and 3.4% enflurane. % Control, percent changes from control 
(0% enflurane and no dobutamine); CO, cardiac output; Emas 
slope of end-systolic pressure-volume relationship; MAP, mean 
arterial pressure; HR, heart rate; LVEDP, left ventricular end- 
diastolic pressure. 


pressure and systemic vascular resistance were not 
significantly changed by enflurane. 

Dobutamine produced increases in CO, Emax 
MAP, HR, and dP/dt at two anesthetic levels. Left 
ventricular end-diastolic pressure decreased during 
dobutamine infusion (Table 1). Dobutamine did not 
significantly change systemic vascular resistance. Fig- 
ure 2 shows percent changes in CO, Emay MAP, HR, 
and LVEDP from control values (0% enflurane, do- 
butamine 0) in response to dobutamine infusion at 
1.7% and 3.4% enflurane. The decreases in CO pro- 
duced by 1.7% and 3.4% enflurane were reversed by 
3 pg-kg™'-min™! of dobutamine concomitantly with 
the increases of Emax 

The preload was increased by volume loads of 5 
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Figure 3. Effects of changes in preload on hemodynamics during 
1.7% and 3.4% enflurane. % Control, percent changes from control 
(0% enflurane); CO, cardiac output; Emax slope of end-systolic 
pressure-volume relationship; MAP, mean arterial pressure; HR, 
heart rate; LVEDP, left ventricular end-diastolic pressure. 


and 10 mL/kg. Figure 3 shows percent changes in 
CO, Emax MAP, HR, and LVEDP from control values 
(0% enflurane) in response to volume load at 1.7% 
and 3.4% enflurane. The volume load increased 
LVEDP from 7.0 + 1.0 to 10.0 + 1.2 mm Hg (5 mL/kg) 
and 11.7 + 1.3 mm Hg (10 mL/kg) at 1.7% enflurane, 
and from 8.0 + 1.2 to 12.7 + 1.0 mm Hg (5 mL/kg) 
and 15.3 + 1.4 mm Hg (10 mL/kg) at 3.4% enflurane. 
Mean arterial blood pressure, Emax: and HR were not 
significantly changed by volume load. Cardiac output 
significantly increased during a volume load of 
10 mL/kg at 1.7% enflurane but did not increase at 
3.4% enflurane. Thus, the decrease in CO produced 
by 1.7% enflurane was reversed by increasing pre- 
load, but that produced by 3.4% enflurane was not 
reversed by increasing preload. 

The HR was increased by about 30% using atrial 
pacing. The extent was approximately the same as 
that produced by 3-6 ug-kg~1-min™! of dobutamine. 
Figure 4 shows percent changes in CO, Emax MAP, 
HR, and LVEDP from control values (0% enflurane) 
in response to atrial pacing at 1.7% and 3.4% enflu- 
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Figure 4. Effects of changes in the heart rate on hemodynamics 
during 1.7% and 3.4% enflurane. % Control, percent changes from 
control (0% enflurane); CO, cardiac output; Emax slope of end- 
systolic pressure-volume relationship; MAP, mean arterial pres- 
sure; HR, heart rate; LVEDP, left ventricular end-diastolic pres- 
sure. 


rane. Emay MAP, and LVEDP remained unchanged 
during atrial pacing. Increasing HR did not signifi- 
cantly increase CO at 1.7% and 3.4% enflurane. Thus, 
the decreases in CO produced by 1.7% and 3.4% 
enflurane were not reversed by increasing the HR. 


Discussion 


The major findings in this study are that enflurane 
produced a dose-related depression of Emax indicat- 
ing a decrease in cardiac contractility, and that a low 
dose of dobutamine was effective in reversing the 
depressed Emax and hence CO. These findings sug- 
gest that increasing cardiac contractility is an effective 
approach if the hemodynamic depressant action of 
enflurane is to be countered. 

Depression of myocardial contractile state by en- 
flurane has been demonstrated both in vivo and in 
vitro in animals (1,5-7) as well as in humans (3). In 
isolated papillary muscle, enflurane decreases peak 
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developed tension, maximal rate of pressure devel- 
opment (dP/dt), tension-time interval, and time-to- 
peak tension (6,7). In isolated working hearts in vitro, 
enflurane shifted the left ventricular function curve 
down and to the right, indicating a depressed cardiac 
performance (5). In the intact animal heart in vivo, 
enflurane decreased CO, stroke volume, left ventric- 
ular stroke work, and left ventricular dP/dt (1,5). In 
humans, enflurane decreased CO, stroke volume, 
and aortic dP/dt (3). These studies leave little doubt 
that enflurane depresses the myocardial contractile 
state. However, these indices used in the in vivo 
heart are also influenced by changes in preload 
and/or afterload, which may be altered by anesthet- 
ics; i.e., the left ventricular dP/dt is directly related to 
the inotropism but is inversely related to the afterload 
(10,11). Therefore, a load-insensitive index is neces- 
sary when we examine the anesthetic-induced alter- 
ations of the inotropic state in the in situ heart. 

The left ventricular end-systolic pressure-volume 
relationship is approximately linear over the working 
range of the heart, and the slope of the relation line 
(Einax) is considered as a load-independent index of 
the inotropic state (12-15). We, therefore, used Emax 
for assessment of contractility in this study. Igarashi 
and Suga (17) established a new method of assessing 
Enas Of the in situ heart, and this method has been 
adopted by other investigators to evaluate cardiac 
contractility (18,19). Although this method involves a 
few minor problems such as overlooking of the 
coronary flow during aortic occlusion and assuming 
the same contractile state between the paired ejection 
and isovolumic contraction phases, the observed 
E nax Was found to reflect the acute changes in the 
contractile state and to be unchanged despite the 
change in HR (16). In this study, Emax increased 
during dobutamine infusion and remained un- 
changed by increasing HR with atrial pacing and 
volume load, suggesting that Emax is useful as an 
index of contractility in the in situ dog heart. E nax was 
decreased by 31% and 57% during 1.7% and 3.4% 
enflurane administration, respectively. This extent of 
depression of cardiac contractility is similar to that 
reported by others in guinea pigs (20) and in dogs 
(21). 

The mechanisms by which volatile anesthetics de- 
press myocardial contractility include depression of 
slow-channel-mediated Ca?* entry and alteration of 
Ca** uptake and release by the sarcoplasmic reticu- 
lum, resulting in a reduction of the Ca** available to 
the contractile elements (21,22), Reduced sympa- 
thetic nervous system activity is another likely cause 
of cardiac depression during anesthesia (5). The fact 
that dobutamine can reverse the enflurane-induced 
depression of cardiac contractility may suggest that 
stimulation of the 6-receptor-mediated Ca** channel 
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can overcome the reduction in the Ca?* availability 
produced either directly or indirectly by enflurane. 

We used enflurane to examine the depressant 
effect of volatile anesthetics on myocardial contractil- 
ity and to delineate the effectiveness of increasing 
contractility during volatile anesthetic-induced circu- 
latory depression, as enflurane has a depressant 
effect on the myocardium that is greater than that of 
isoflurane and similar to that of halothane 
(2,6,7,20,23). The differences among the inhaled an- 
esthetics were mostly quantitative rather than quali- 
tative in nature (23). The results of this study indicate 
that circulatory depression during halothane or iso- 
flurane anesthesia may be counteracted by increasing 
myocardial contractility. 

The aim of this study was to examine CO re- 
sponses to therapeutic means during enflurane anes- 
thesia, because the adjustment of CO is the principal 
objective of management of the circulatory system. 
We examined the CO responses to selective augmen- 
tation of preload, cardiac contractility, and HR. In- 
creasing the preload (volume load 10 mL/kg) coun- 
teracted the decreased CO during 1.7% enflurane, 
but it was not effective during 3.4% enflurane. In- 
creasing the HR was not effective at either 1.7% or 
3.4% enflurane. Whereas increasing contractility was 
effective for the reversal of the enflurane-induced 
reduction of CO at both 1.7% and 3.4% enflurane, a 
low dose (3 ug-kg™’-min~*) of dobutamine was 
enough to counteract the reduced CO by increasing 
cardiac contractility. The further increase in cardiac 
contractility by higher doses of dobutamine could not 
substantially increase CO (Figure 2). Sunagawa et al. 
(24) demonstrated the role of changes in preload, 
afterload, HR, and contractility in determining CO by 
using a mathematical analysis. They suggest that CO 
is determined predominantly by extracardiac factors, 
such as preload and afterload rather than cardiac 
contractility when the cardiac contractility is in the 
normal and supernormal range, and that cardiac 
contractility plays a significant role only when cardiac 
function is markedly deteriorated. Moreover, they 
demonstrated that HR was a less sensitive determi- 
nant of CO than cardiac contractility in such a condi- 
tion. The results of our study are consistent with the 
above findings, showing a stronger relation of CO to 
the cardiac contractility as compared with the preload 
and HR during enflurane-induced cardiac depres- 
sion. Therefore, increasing cardiac contractility seems 
to be a more logical therapeutic measure for the 
management of enflurane-induced circulatory de- 
pression. 

Dobutamine was used to increase cardiac contrac- 
tility, as it has a potent positive inotropic action with 
a relatively slight effect on preload, afterload, or HR 
(25,26). In this study, however, a dose-dependent 
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increase in the HR was observed, but it seems un- 
likely that the increase in HR could play a significant 
role in increasing CO as the increase in HR produced 
by atrial pacing to the same extent did not increase 
CO. The results of this study suggest the potential 
usefulness of other inotropic agents such as dopa- 
mine and ephedrine. 

In summary, the results of our study demonstrate 
that increasing cardiac contractility by administration 
of a low dose. of dobutamine can be a useful tech- 
nique if hemodynamic depression during enflurane 
anesthesia is undesirable. However, increasing the 
preload and HR is not so effective in this situation. If 
the results of this experiment in dogs can be extrap- 
olated to humans, then it is expected that circulatory 
depression during enflurane anesthesia is reversible 
with the use of inotropic drugs such as dobutamine. 


We thank Dr. Badar Us Samad, Mr. Seyama of NEC San-ei Co. 
Ltd., and Mr. Matsubayashi of Nihon Kohden Co. Ltd., for their 
help in accomplishing this study. 


References 


1. Merin RG, Kumazawa T, Luka NL. Enflurane depresses myo- 
cardial function, and metabolism in the dog. Anesthesiology 
1976;45:501~7. 

2. Mote PS, Pruett JK, Gramling ZW. Effects of halothane and 
enflurane on right ventricular performance in hearts of dogs 
anesthetized with pentobarbital sodium. Anesthesiology 1983; 
58:53-60. 

3. Calverley RK, Smith NT, Prys-Roberts C, Eger EI I, Jones CW. 
Cardiovascular effects of enflurane anesthesia during con- 
trolled ventilation in man. Anesth Analg 1978;57:619-28. 

4. Horan BF, Prys-Roberts, Hamilton WK, Roberts JG. Haemo- 
dynamic responses to enflurane anaesthesia and hypovol- 
aemia in the dog, and their modification by propranolol. Br J 
Anaesth 1977;49:1189-97. 

5. Zimpfer M, Gilly H, Krosl P, Schlag G, Steinbereithner K. 
Importance of myocardial loading conditions in determining 
the effects of enflurane on left ventricular function in the intact 
and isolated canine heart. Anesthesiology 1983;58:159-69. 

6. Shimosato 5, Sugai N, Iwatsuki N, Etsten B. The effect of 
ethrane on cardiac muscle mechanics. Anesthesiology 1969;30: 
513-8. 

7. Brown BR, Crout JR. A comparative study of the effects of five 
general anesthetics on myocardial contractility. Anesthesiol- 
ogy 1971;34:236-45. 

8. Skovsted P, .Price HL. The effects of ethrane on arterial 
pressure, preganglionic sympathetic activity, and barostatic 
reflexes. Anesthesiology 1972;36:257-62. 

9. Braunwald E. Regulation of the circulation. N Engl J Med 
1974;290:1124-9. 

10. Gaasch WH, Zile MR. Evaluation of myocardial function in 
cardiomyopathic states. Prag Cardiovasc Dis 1984;27:115-32. 

11. Mahler F, Ross J, O'Rourke RA, Covell JW. Effects of changes 
in preload, afterload and inotropic state on ejection and 
isovolumic phase measures of contractility in the conscious 
dog. Am J Cardiol 1975;35:626-34. 

12. Suga H, Sagawa K, Kostiuk DP. Control of ventricular contrac- 
tility assessed by pressure-volume ratio, Emax. Cardiovasc Res 
1976;10:582-92. 

13. Sagawa K, Suga H, Shoukas AA, Bakalar KM. End-systolic 


596 


14. 
15. 


16. 


17. 


18. 


19. 


SATO ET AL. 
CARDIA® OUTPUT DURING ENFLURANE 


pressure/volume ratio: a new index of ventricular contractility. 
Am J Cardiol 1977;40:748-53. 

Sagawa K. The ventricular pressure-volume diagram revisited. 
Circ Res 1978;43:677-87. 

Sagawa K. The end-systolic pressure-volume relation of the 
ventricle: definition, modifications and clinical use. Circulation 
1981;63:1223-7. 

Greisheimer EM. The circulatory effects of anesthetics. In: 
Handbook of physiology. Circulation. Section 2. Volume II. 
Washington, D.C.: American Physiological Society, 1965:2477- 
510. 

Igarashi Y, Suga H. Assessment of slope of end-systolic 
pressure-volume line of in situ dog heart. Am J Physiol 
1986;250:H685~-92. 

Fukamachi K, Asou T, Nakamura Y, et al. Effects of left heart 
bypass on right ventricular performance. J Thorac Cardiovasc 
Surg 1990;99:725-34. 

Nakamura Y, Fukamachi K, Masuda M, et al. A new method of 
retrograde re hal administration. J Thorac Cardiovasc 
Surg 1990; 99:335—-44. 


20. 


ai. 


24. 


26. 


ANESTH ANALG 
1991;73:590-6 


Lynch C Il. Combined depressant effects of diltiazem and 
volatile anesthetics on contractility in isolated ventricular myo- 
cardium. Anesth Analg 1988;67:1036—46. 

Lynch C Ill, Vogel S, Pratila G, Sperelakis N. Enflurane 
depression of myocardial slow action potentials. J Pharmacol 
Exp Ther 1982;222:405-~9. 


. Price HL, Ohnishi ST. Effects of anesthetics on the heart. Fed 


Proc 1980;39:1575-9. 


. Priebe HJ. Inhalational anesthetics and cardiac function. Curr 


Opinion Anaesth 1989;2:408-13. 

Sunagawa K, Sagawa K, Maughan WL. Ventricular interaction 
with the vascular system. In: Yin FCP, ed. Ventricular/vascular 
interaction. New York: Springer-Verlag, 1987:210-39. 


. Vatner SF, McRitchie RJ, Braunwald E. Effects of dobutamine 


on left ventricular performance, coronary dynamics, and dis- 
tribution of cardiac output in conscious dogs. J Clin Invest 
1974;53:1265-73. 

Tuttle R, Mills J. Dobutamine: development of a new catechol- 
amine to selectively increase cardiac contractility. Circ Res 
1975;36:185~96. 


Acute Hypotension Caused by Rapid Hypertonic Saline 


Infusion in Anesthetized Dogs 


Nguyen D. Kien, PhD, George C. Kramer, PhD, and David A. White, MD 
Departments of Anesthesiology and Human Physiology, University of California, School of Medicine, Davis, California 


Small volumes (4-6 mL/kg) of 7.5% hypertonic saline 
solution (HTS) are reported to be effective for resus- 
citation from circulatory shock. When infused rapidly 
into either hypovolemic or normovolemic subjects, 

HTS can cause an immediate and severe hypotension 
before cardiovascular improvement. In the present 
study, we examined the hypothesis that the early 
hypotension produced by HTS was mediated by an 
acute and transient depression of cardiac contractil- 
ity. Left ventricular pressure and wall motions were 
measured simultaneously in 10 anesthetized dogs for 
the assessment of cardiac contractility. Infusion of 
HTS at 3 mL/kg in 1 min significantly decreased mean 
arterial blood pressure by 49%, from 95 + 4 to 51 + 
5 mm Hg (P < 0.05, mean + SEM) at 45 s after the 
onset of infusion. This initial decrease in arterial 
blood pressure was abrupt and transient (106 + 9 s). 

Concomitantly, cardiac output and coronary blood 
flow increased significantly from 2.8 + 1.0 to 3.9 + 


to severe hemorrhagic shock were successfully 

resuscitated with a small bolus infusion of 7.5% 
hypertonic saline solution (HTS) (1). The beneficial 
effects of HTS have been subsequently verified in 
various studies of hemorrhage and resuscitation in 
sheep (2,3), rats (4,5), and dogs (6). The results of 
these studies demonstrate that HTS infusion in small 
volumes, 4-6 mL/kg, rapidly improves cardiovascular 
and metabolic function by a combination of plasma 
volume expansion, peripheral vasodilation, and aug- 
mented myocardial performance. 

For each milliliter of HTS infused, plasma volume 
rapidly increases by 2-4 mL because of a fluid shift 
into the vascular compartment secondary to increases 
in intravascular osmotic pressure (3,7,8). Whereas the 
plasma volume expansion is related to the increased 


|: 1980, Velasco et al. reported that dogs subjected 
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1.1 L/min and from 23.7 + 5.3 to 49.8 + 4.7 mL/min, 
respectively. Although heart rate remained constant, 
systolic shortenings of left ventricular diameter and 
wall thickness increased from 5.6% + 0.5% to 7.8% + 
0.5% and from 13.9% + 0.6% to 15.1% + 1.2%, 
respectively, indicating an improvement in cardiac 
contractility. This was confirmed by subsequent anal- 
ysis of the left ventricular end-systolic pressure- 
diameter relationship. Systemic and pulmonary vas- 
cular resistance decreased by 60% and 27%, 
respectively. Despite an initial period of hypotension 
after rapid infusion of HTS, mean arterial blood 
pressure, cardiac oe tae and contractility were all 
significantly increased at 5 min after HTS infusion. 
The results show that acute hypotension caused by 
rapid infusion of HTS was not mediated by cardiac 
depression but by a decrease in total peripheral 
resistance. 

(Anesth Analg 1991;73:597-602) 


sodium concentration, a profound vasodilation is 
reported to accompany increases in osmolality (9). 
This HTS-induced vasodilation is of particular impor- 
tance as it decreases the increased vascular resis- 
tances associated with circulatory shock and facili- 
tates maintaining a normal cardiac output and its 
distribution (10-12). In addition to increased venous 
return and reduced afterload, the improvement in 
cardiac output is attributed to a positive inotropic 
effect of HTS (13,14). It appears that resuscitation 
from hemorrhagic shock with HTS provides rapid 
restoration of circulatory function that allows com- 
pensation for oxygen debt induced by hemorrhage 
(15) and improves survival by limiting the tissue 
damage caused by ischemic injury (1,16-19). 

In addition to the potential benefit for the treat- 
ment of hemorrhagic shock, hypertonic solutions are 
effective in the management of hypovolemia associ- 
ated with major operative procedures (20,21), sug- 
gesting a potential use of these solutions in intraop- 
erative or postsurgical resuscitation. 

Nevertheless, an immediate and severe systemic 
hypotension before cardiovascular improvement has 
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been observed in our laboratory after rapid infusion 
(>1.5 mL-kg?-min™') of HTS in anesthetized dogs. 
It has been hypothesized that this initial hypotension 
is mediated by a decrease in cardiac output owing to 
an acute depression of cardiac contractility (22). Be- 
cause the systemic hypotension associated with rapid 
infusion of HTS could be particularly detrimental in 
the presence of severe hemorrhage or cardiovascular 
or cerebral vascular disease, the present study was 
motivated by our concerns over the safety of rapid 
infusions of HTS. It was designed to evaluate the 
immediate cardiovascular effects of HTS. 


Methods 


Experiments were conducted in 10 mongrel dogs of 
either sex weighing 19-25 kg. Anesthesia was in- 
duced by thiamylal (15 mg/kg). After tracheal intuba- 
tion, anesthesia was maintained with 1.5% halothane 
in oxygen. Ventilation was controlled to maintain 
arterial CO, tension at 35-40 mm Hg. Systemic arte- 
rial pressure was transduced from a fluid-filled cath- 
eter inserted through a femoral artery into the ab- 
dominal aorta. Pulmonary arterial and central venous 
pressures were measured from a balloon-tipped cath- 
eter placed in the pulmonary artery. Through a 
thoracotomy at the fifth intercostal space, a miniature 
pressure transducer (Königsberg, P7, Pasadena, Cal- 
if.) was implanted into the left ventricle (LV) through 
a stab wound in the apex to measure left ventricular 
pressure. The Königsberg transducer was calibrated 
in vitro against a mercury manometer and in vivo 
against aortic systolic and left atrial pressures. Fre- 
quent calibration was made to compensate for elec- 
trical drift. Body temperature was maintained at 37 + 
1°C with a heating pad. 

Left ventricular end-diastolic pressure and the rate 
of change of pressure (dP/dt) were derived from the 
left ventricular pressure tracing. Pulse-transit time ul- 
trasonic dimension transducers were implanted in pairs 
to measure the anterior-posterior minor axis diameter 
and the endocardium-epicardium wall thickness of the 
left ventricle. These transducers operate on the princi- 
ple of measuring the transit time of ultrasonic impulses 
between piezoelectric crystals. Proper alignment of the 
paired transducers was confirmed with a high- 
frequency oscilloscope (Textronix, RM 674, Beaverton, 
Ore.). Left ventricular dimensions were monitored with 
a sonomicrometer (Triton, 120, San Diego, Calif.). Hy- 
draulic occluders were placed around both vena cavae 
for varying preload during assessment of LV contrac- 
tility. Cardiac output and coronary blood flow were 
measured from flow probes placed around the ascend- 
ing aorta and left anterior descending coronary artery 
using either electromagnetic or ultrasonic flowmetry 
(Zepeda, SWF-5RD, Seattle, Wash. or Transonic, T101, 
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Ithaca, N.Y.). Data were recorded on a direct-writing 
recorder and on magnetic tape for later analysis. Signals 
from the dimension transducers, LVP, LV dP/dt, and 
arterial blood pressure were channeled into a 80386 
microprocessor, digitized at 5-ms intervals by a Tech- 
mar 12-bit analog-to-digital converter, and stored on 
floppy disks for analysis. 

After completion of the surgical preparation, the 
end-tidal halothane concentration was reduced to 
1.0%, measured by mass spectrometry. Experiments 
were conducted after stability of cardiovascular func- 
tion and normal arterial blood gas tensions were 
observed for 30 min. Hypertonic saline solution 
(3 mL/kg) was infused intravenously for 1 min. Data 
were recorded continuously before and during the 
15 min after HTS infusion. At the end of the experi- 
ment, the dog was killed with a halothane overdose 
and an intravenous injection of saturated KCI. 

Data were analyzed using an Asyst program 
(Asyst, Rochester, N.Y.). Variables, including mean 
arterial blood pressure, stroke volume, systemic vas- 
cular resistance, and pulmonary vascular resistance 
were calculated using standard formulas. Cardiac 
contractility was assessed using percent of systolic 
shortening (dimension change during systole divided 
by end-diastolic dimension) to reflect regional perfor- 
mance and to provide continuous assessment of 
contractility. Cardiac performance was evaluated us- 
ing the linear regression slope of the LV end-systolic 
pressure-diameter relationship. Ten to 15 consecutive 
heart beats during vena caval occlusion were ana- 
lyzed at end-systole. To eliminate any respiratory: 
influence on hemodynamic measurements, cardiac 
contractility was assessed while the respirator was 
momentarily turned off. The autonomic sympathetic 
reflex caused by vena caval occlusion was minimized 
by eliminating heart beats with RR intervals varying 
more than 10% from the preocclusion level. Analysis 
of the cardiac cycle was performed by computer 
gating. For each heart beat, end-systole was defined 
as 20 ms before the peak negative LV dP/dt and 
end-diastole was assumed at the beginning of the 
rapid rise in left ventricular pressure. The slope, Ees 
of the end-systolic pressure-diameter relationship 
was Calculated using the equation: Pes = E,,(D., — 
Dd), where Pes and Des are LV end-systolic pressure 
and diameter, respectively, and Dd is the intercept of 
the diameter axis. This slope has been found inde- 
pendent of loading conditions and closely related to 
the inotropic state of the heart (23,24). 

Data were expressed as mean + SEM. Statistical 
analysis included analysis of variance for repeated 
measures and paired t-test with Bonferroni correc- 
tion. Difference was considered significant at proba- 
bility less than 0.05. This study was approved by our 
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Figure 1. An original recording from one dog showing cardiovas- 
cular responses to HTS. From top to bottom are displayed systemic 
arterial pressure (SAP), left ventricular pressure (LVP), the first 
derivative of LVP (LV dP/dt), aortic flow (AoF), minor axis diam- 
eter of the LV (MA), wall thickness of the LV (WT), coronary blood 
flow (CBF), and electrocardiogram (ECG). Intravenous infusion of 
3 mL/kg of HTS for 1 min causes biphasic responses characterized 
by acute decreases and followed by more sustained increases in 
SAP, LVP, and LV dP/dt. Aortic and coronary blood flows increase 
abruptly and remain elevated throughout the first 5 min. Record- 
ings were made at slow speed (2 cm/min) and fast speed (2 cm/s) at 
45 s (A), 2.5 min (B), and 5 min (C) after onset of infusion. 


institutional committee on the care and use of labo- 
ratory animals. 


Results 


A l-min infusion of 3 mL/kg of HTS produced a 
biphasic response in arterial blood pressure (Figure 
1). An initial decrease in MAP, reaching its peak 
before the completion of infusion, was abrupt and 
transient (106 + 19 s). This phase of acute hypoten- 
sion was followed by a gradual increase in arterial 
blood pressure, which reached its plateau by 5 min. 
The results shown in Table 1 represent peak hemo- 
dynamic responses, which occurred at 45 s and at 
5 min after the onset of HTS infusion. Thus, we 
compare these variables for their immediate response 
during infusion with their response 5 min after the 
onset of the infusion. 

Mean arterial pressure decreased 49% (from 95 + 4 
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Table 1. Systemic Responses to Rapid Hypertonic 
Saline Infusion 








Time after HTS 
administration 
Baseline 45s 5 min 

HR (beats/min) 101 + 8 103 + 6 114 + 9 
MAP (mm Hg) 95 + 4 SLE 113 + 87 
PP (mm Hg) 35 +3 48 + 4° 47-2 
MPAP (mm Hg) 14+1 TP 1541 
CO (L/min) 2.3 210 39+ 1.1“ 4.0 + 0.9" 
SV (mL) 26.4 + 1.5 385419 343+ 2.1% 
SVR (dynes‘s‘cm™*) 2623 + 220 1069 + 159% 2071 + 367%? 
PVR (dynes-s-cm™°) 261 + 18 187 + 16° 174 + 23° 





HTS, hypertonic saline so.ution; HR, heart rate; MAP, mean arterial 
blood pressure; PP, pulse pressure; MPAP, mean pulmonary arterial pres- 
sure; CO, cardiac output; SV, stroke volume; SVR, systemic vascular 
resistance; PVR, pulmonary vascuiar resistance. 

Values represent the mean + sEM of 10 dogs. 

“P < 0.05 compared with baseline. 

PP < 0.05 compared with 43 s. 





8 aR ae a aa eae oe areas 60 
5} 3 LS 
Ty 3 
E | ò 
@ 4r 140 € 
Eo | 
E 3 | È 
4 a 
8 | F: 
4i L 429 0 
i 
4 ae Saracens soca ti! PE T cc AS I j 
45s 5 min 
Baseline b HTS 


Figure 2. Effects of rapid infusion of hypertonic saline solution 
(HTS) on cardiac output (CO} and coronary blood flow (CBF). 
Significant increases in both CO and CBF are observed at 45 s and 
5 min after the onset of infusion. The infusion of HTS causes 
vasodilation in both peripheral and coronary vascular beds. Values 
are mean + sem of 10 dogs. *P < 0.05 compared with baseline. 


to 51 + 5 mm Hg) at 45 s, and increased significantly 
above baseline at 5 min. Left ventricular end-diastolic 
pressure increased and remained above baseline after 
HTS. This increase in left ventricular end-diastolic 
pressure after HTS suggests that the initial hypoten- 
sion was not due to a reduction in preload. The 
vasodilator effect of HTS was signified by a decrease 
in vascular resistance and by an immediate increase 
in pulse pressure. Similar increases in cardiac output 
and coronary blood flow were observed throughout 
the first 5 min of HTS infusion (Figure 2). Heart rate 
did not change initially but increased significantly 
above baseline at 5 min. Stroke volume increased 35% 
during peak hypotension; this increase was sustained 
despite the tachycardia that developed during the 
recovery of arterial pressure. 

Systolic shortenings of both minor axis diameter 
and wall thickness of the LV increased simulta- 
neously during infusion. Systolic shortening re- 
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Table 2. Cardiac Responses to Rapid Hypertonic 
Saline Infusion 





Time after HTS 
administration 





Baseline 45s 5 min 
LVP (mm Hg) 118 + 3 68 + 7" 124 + 9° 
LVEDP (mm Hg) 4+] 9+ 1? 8 + 1.07 
LV dP/dt (mm Hg/s) 1890 + 124 1465 + 102° 2103 + 197” 
CBF (mL/min) 23.7 + 5.3 49.8 +47 48.6 + 7.1° 
Es (mm Hg/mm) 12.4 + 2.6 — 15.8 + 2.9 
% SS of MA 5.6 + 0.5 7,8 + 0.5 LEUS 
% SS of WT 13.9 + 0.6 15.1 + 1.2 16.2 + 1.0° 





HTS, hypertonic saline solution; LVP, left ventricular pressure; LVEDP, 
left ventricular end-diastolic pressure; LV dP/dt, rate of change of LVP; CBF, 
coronary blood flow; Es, slope of the LV pressure-diameter relationship; 
% SS, percent of systolic shortening; MA, minor axis diameter of LV; WT, 
wall thickness. 

Values represent the mean + sem of 10 dogs. 

eP < 0.05 compared with baseline. 

*P < 0.05 compared with 45 s. 


mained increased at 5 min. Table 2 shows a signifi- 
cant increase in E,, measured at 5 min after HTS as 
compared with baseline. Because vena caval occlu- 
sion was necessary during the assessment of contrac- 
tility (using Ee, as an index), the measurement of Ess 
was not possible at 45 s owing to the interference of 
vena caval occlusion with the continuous monitoring 
of other physiologic variables. Changes in LV dP/dt 
were closely related to those of arterial blood pres- 
sure, reflecting the load-dependent characteristic of 
this index of contractility. Systemic and pulmonary 
vascular resistances decreased by 60% and 27%, 
respectively, at 45 s. Whereas the decrease in pulmo- 
nary vascular resistance persisted, systemic vascular 
resistance increased above the 45-s level; but it re- 
mained significantly lower than baseline at 5 min. 


Discussion 


The clinical benefits of HTSs in the treatment of 
hyponatremia, Buerger’s disease, and burn injury 
have been well described (25-27). Recently, the clin- 
ical application of 7.5% HTS has extended to the 
treatment of hemorrhagic shock and has showed 
encouraging results. De Fellipe et al. (28) reported 
that HTS promptly reversed shock in patients with 
refractory hypovolemia. In patients undergoing vas- 
cular surgery, HTS was found safe and effective for 
perioperative treatment of extracellular fluid deficit 
(20,21). With the addition of 6% dextran 70 to sustain 
the improvement in cardiovascular function, resusci- 
tation using small volumes of HTS resulted in a better 
survival rate than using lactated Ringer's solution in 
severely injured patients (29). The results of these 
studies indicate that HTS is a promising solution for 
resuscitation of hypovolemia. 
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The present study demonstrates a brief but severe 
hypotension associated with rapid infusion of HTS. 
The hypothesis that hypotension is due to a decrease 
in cardiac output and/or a depression in myocardial 
function is rejected based on the data of this study. 
Conversely, we found that cardiac contractility was 
well maintained and was accompanied by increases 
in cardiac output and coronary perfusion that were 
sustained beyond the initial decrease in arterial blood 
pressure. 

Hypertonic saline solution as administered in this 
study clearly had no depressant effects on myocardial 
contractility. Although the measurement of Ees was 
not possible during the peak hypotension immedi- 
ately after rapid infusion of HTS, the increases in 
stroke volume, coronary blood flow, and myocardial 
systolic shortenings indicated that the initial decrease 
in arterial blood pressure was not concurrent to a 
depression in myocardial function. On the contrary, 
increases in serum osmolality associated with admin- 
istration of hypertonic solutions of saline, glucose, 
urea, or mannitol were reported to improve cardiac 
contractility in various studies. Hyperosmolality in- 
creased Vmax and the isometric tension developed by 
isolated papillary muscle (30,31). In intact dogs with 
controlled heart rate, aortic pressure, and cardiac 
output, moderate increases in osmolar concentration 
were associated with augmented contractile forces of 
the LV (13). Previously, we reported a positive ino- 
tropic effect of HTS after either intravenous or intraar- 
terial infusion into normotensive dogs (14). Similar 
cardiac improvements have been observed after HTS 
resuscitation from either hemorrhagic (32,33) or sep- 
tic shock (34). 

Although the mechanism by which HTS increases 
cardiac inotropy remains unclear, the cardiac effects 
of HTS have been found independent of the auto- 
nomic system and peripheral osmoreceptors (13,14). 
Increases in osmolality have been demonstrated to 
alter mechanical characteristics of both contractile 
and series elastic elements of cardiac muscle (31). It is 
postulated that activity of the contractile elements 
could be facilitated when intracellular water concen- 
tration is decreased by hyperosmolality (30). Addi- 
tionally, the increased contractile performance of 
cardiac muscle has been found closely associated 
with changes in osmolal level (13). Moderate eleva- 
tions of osmolality, similar to those induced by clin- 
ical doses of HTS, enhanced myocardial contractility 
by an increase in intracellular calcium concentration 
secondary to dehydration of cardiac myocytes. How- 
ever, when osmolality exceeded the normal level by 
100 mOsm/L, a depression in contractile function was 
observed probably owing to the developed friction 
between contractile elements of severely dehydrated 
fibers (13,30,31). This cardiac depressive effect of 
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extreme hyperosmolality may provide an explanation 
for the reported negative inotropic resporise to HTSs 
infused directly into the heart (32,35,36). 

The use of the left ventricular end-systolic pres- 
sure-diameter relationship for assessing cardiac con- 
tractility is controversial. This linear relationship be- 
comes convex toward the volume axis when the 
ventricular volumes decrease below or exceed normal 
physiologic limits. Therefore, the Esa as an index of 
contractility may be unreliable over a wide range of 
ventricular volumes (37-39). In the present study, 
paired data of left ventricular end-systolic pressure 
and diameter during 10-15 heart beats were used for 
each regression analysis. The first heart beat in the 
series for analysis was selected at the onset of blood 
pressure reduction so that the changes of pressure 
and diameter during vena caval occlusion. were 
within physiologic ranges. When determined over 
these limited ranges, E., remained to be a relatively 
accurate index of the itiotropic state (38). 

One of the major findings of this study is that HTS 
induces immediate and remarkable increases in aortic 
and coronary blood flows (Figure 2). A combination 
of expanded plasma volume, peripheral vasodilation, 
and augmented myocardial contraction is believed to 
contribute to the increase in cardiac output. It is clear 
that HTS exerts potent vasodilator effects on both 
peripheral and coronary vessels. The reduction in 
peripheral vascular resistance observed in the present 
study is consistent with those reported in previous 
studies after similar increases in plasma osmolality 
(2-4,14-17,32,33). It is important to note that locally 
mediated vasodilation assaciated with hyperosmolal- 
ity can occur with salt-free hypertonic solutions, 
suggesting that vasodilation is not.dependent on the 


increased sodium ion (9). Instead, the active vasomo-' 


tion of the smooth muscle cells caused by osmotic 
changes may be responsible for the decrease in vas- 
cular resistance (40). Whether the osmotic changes 
also trigger a release of vasoactive substances from 
blood or tissue that mediates the active vasomotion is 
not known and merits further investigation. 

Rapid infusion of HTS caused an initial decrease in 
artetial blood pressure consistent with peripheral 
vasodilation. Similar hypotensive responses have 
been reported in previous investigations; however, 
its mechanism remains controversial (41-43). Holland 
et al. (41) postulated that the decrease in arterial 
blood pressure after rapid intracarotid injection of 
hypertonic solutions was due to direct inhibition of 
medullary vasomotor centers. This is at variance with 
findings reported by Read et al. (42) who concluded 
that the hypoterisive response to hyperosmolality 
was independent of central nervous system activity 
and was related to peripheral osmolal effects. Based 
on the absence of hypertensive response to repeated 
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hypérosmolar challenges, Stiff et al. (43) suggested a 
mediator involvement responsible for the vasodilator 
effect of hyperosmolality. 

Although HTS infusion at 2 mL-kg™*-min™ is 
effective for resuscitation of moderate to severe hy- 
povolemia in various studies without deleterious 
consequences (2-4,7,10), it would seem prudent to 
infuse HTS with caution and at a slower rate because 
hypotensive responses may be exaggerated in the 
presence of severe injuries or preexisting diseases. 
Efficient resuscitation using isotonic crystalloids te- 
quires that latge volumes of fluid be administered 
rapidly for early restoration of hemodynamics (44). 
Aggressive fluid resuscitation therapy, including 
multiple venous cannulations, placement. of large- 
bore catheters, and use of pressurized fluid delivery 
systems, is often used in the prehospital setting and 
in émergency rooms. However, whether HTS can be 
safely infused at rates equal to those used with 
isotonic crystalloid resuscitation is unknown as the 
cardiovascular effects of rapid HTS infusion have not 
been fully examined. 

Ins summary, rapid infusion of HTS in anesthetized 
dogs i is associated with an acute hypotension second- 
arọ. tò, a decrease in systemic vascular resistance. 
Increases in cardiac output, coronary blood flow, and 
ventricular contractility simultaneous to the decrease 
in arterial blood pressure indicate that cardiac dys- 
function is not the mechanism of the initial hypoten- 
sion. Whereas a brief hypotension is well tolerated 
when circulatory function is normal, in the presence 
of sevefe hypovolemia, vascular disease, or compro- 
mised organ function, an acute decrease in perfusion 
pressure may exacerbate the underlying injury and 
lead to detrimental consequences. Although resusci- 
tation from hemorrhagic shock is successful using 
small. volumes of HTS, the present study suggests 
that HTS should be given slowly to avoid or to 
minimize an acute hypotensive response. 


We thank Richard Martucci, Kameron Chun, and Hanh Hoang for 
their technical support and Lynn Gall for preparation of this 
manuscript. 
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Actions of Halothane, Isoflurane, and Enflurane on the 
Regional Action Potential Characteristics of Canine 


Purkinje Fibers 


Stojan Polic, MD, PhD, Zeljko J. Bosnjak, PhD, Jure Marijic, MD, 
Raymond G. Hoffmann, PhD, John P. Kampine, MD, PhD, and Lawrence A. Turner, MD 
Anesthesia Research Laboratory, Departments of Anesthesiology and Physiology, The Medical College of Wisconsin, 


Milwaukee, Wisconsin 


The effects of halothane, isoflurane, and enflurane on 
proximal (false tendon) and distal (apical) canine 
Purkinje fibers were measured in vitro to assess their 
comparative effects on fibers exhibiting characteristi- 
cally long (proximal) and short (distal) action poten- 
tial duration. High- and low-dose anesthetic effects 
were evaluated in three groups of six left ventricular 
preparations and were compared with the changes 
occurring at identical times in six control preparations 
using analysis of variance with repeated measures. 
Under control conditions in all groups, the action 
potential duration, measured at 90% repolarization 
(APDogo, mean +SEM), of proximal fibers was longer 
than that of distal fibers (320 + 16 vs 252 + 11 ms, 
P s 0.01). Halothane (0.3 and 0.7 mM), isoflurane 
(0.4 and 0.8 mM), and enflurane (0.6 and 1.0 mM) 


he electrophysiologic actions of the volatile 

anesthetics on cardiac tissues are of interest 

because they may influence the occurrence or 
severity of perioperative arrhythmias. Although 
halothane, isoflurane, and enflurane are widely used 
anesthetics, little is known about their comparative 
effects on the action potential and refractory charac- 
teristics of Purkinje fibers within the specialized ven- 
tricular conduction system. 

The actions of halothane on the transmembrane 
potentials of cardiac Purkinje fibers include marked 
changes in the action potential contour characterized 
by increased slope of the plateau phase (1). Haus- 
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produced a dose-dependent decrease (P = 0.01) of 
proximal fiber APD with less (P = 0.01) change of 
distal fiber APDgg and reduced (P = 0.05) regional 
differences of APD at the higher dose. The de- 
creases of proximal fiber APD, were greater (P < 
0.01) for 1.0 mM (1.7 MAC) enflurane (—66 + 7 ms) 
and 0.8 mM (3.0 MAC) isoflurane (—69 + 9 ms) than 
for 0.7 mM (2.9 MAC) halothane (—33 + 8 ms). We 
conclude that the regional actions of anesthetics on 
Purkinje fiber repolarization may influence conduc- 
tion during the relative refractory period and the 
occurrence of arrhythmias associated with disparity 
of regional refractory characteristics in the ventricular 
conduction system. 

‘Anesth Analg 1991;73:603-11) 


wirth (2) compared the effects of halothane on the 
repolarization phase of sheep ventricular muscle and 
of Purkinje fibers at constant paced rate. The effects 
of halothane on the action potentials of Purkinje 
fibers were more prominent than those on muscle 
fibers and included slight hyperpolarization of the 
maximum diastolic potential and reduction of the 
overshoot, the rate of phase 0 depolarization (V max), 
and the conduction velocity, as well as marked short- 
ening of the action potential duration (APD) and 
effective refractory period. Gallagher et al. (3) re- 
ported that halothane decreased canine Purkinje fiber 
APD measured at 50% repolarization (APDsp9), 
whereas it increased APD measured at 100% repolar- 
ization (APDj9)). On the other hand, observations 
from our laboratory (4) indicate that halothane re- 
duces the APDgy of canine Purkinje fibers derived 
from regions of the conduction system exhibiting 
characteristically prolonged APD (false tendon f- 
bers) without reducing APDgp of fibers isolated from 
regions exhibiting shorter APD (apical fibers) in a 
manner comparable to the actions of lidocaine (5) and 
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Figure 1. Action potential duration (APDy, in ms) of Purkinje fibers in several regions of a control preparation stimulated at 75 beats/min. 
LBB, left bundle branch; PROX and DIST PF, proximal and distal Purkinje fibers. mm , Site of bipolar extracellular stimulation. 


the Na* channel antagonist tetrodotoxin (6). The 
actions of halothane abbreviating repolarization of 
Purkinje fibers in vitro are consistent with its actions 
shortening refractory periods in the ventricular con- 
duction system in vivo (7). The possibility that iso- 
flurane and enflurane may also produce differential 
regional effects on Purkinje fiber action potential 
characteristics has not been reported. Therefore, we 
sought to evaluate the comparative dose-related ef- 
fects of halothane, isoflurane, and enflurane on the 
action potentials of Purkinje fibers derived from two 
specific regions of the canine left ventricular conduc- 
tion system exhibiting characteristically long and 
short APD. 


Methods 


The protocol for this study was reviewed and ap- 
proved by the Animal Care Committee of the Medical 
College of Wisconsin. Twenty-four unconditioned 
adult mongrel dogs weighing 12-22 kg were anesthe- 
tized with halothane in oxygen and were killed by 
rapid excision of the heart. After isolation, the hearts 
were rinsed and dissected in cold oxygenated Ty- 
rode’s solution of the following composition (mM): 
NaCl 137, KCI 4.0, CaCl, 1.8, MgCl, 0.5, NaH,PO, 
1.8, NaHCO, 16, and dextrose 5.5. The atria and right 
ventricle were removed, and the left ventricle was 
rapidly dissected to yield a 4- by 5-cm preparation (4) 
that was mounted endocardial surface upward in a 
50-mL tissue chamber. The preparations were super- 
fused at 25 mL/min with 37°C Tyrode’s solution 


equilibrated with a 97% O./3% CO, mixture (pH 
7.30-7.35). Each preparation (Figure 1) consisted of 
the left anterior papillary muscle and portions of the 
apex, paraseptal free wall, and base of the interven- 
tricular septum and included the anterior false ten- 
don from its origin at the septal portion of the main 
left bundle branch to its junction with the papillary 
muscle. 

After 90 min of equilibration, action potentials 
were recorded from the most superficial Purkinje 
fiber encountered on advancing a glass microelec- 
trode (resistance, 10-30 Mohms) toward the endocar- 
dial surface. The preparations were stimulated at a 
constant rate of 75 beats/min using bipolar electrodes 
placed on the endocardial surface of the left bundle 
branch (LBB) at the false tendon origin. The drive 
stimuli were rectangular pulses of 1.5 threshold 
intensity derived from a programmable digital stim- 
ulator (4). The action potential signals were ampli- 
fied, sampled, stored in computer memory (HP 9000/ 
S330, Hewlett Packard Co., Fort Collins, Colo.) and 
the maximum rate of phase 0 depolarization (V max) 
was measured in volts per second by electronic 
differentiation as described previously (6). The data 
were processed to obtain the following action poten- 
tial characteristics: in millivolts, the maximum dias- 
tolic potential, overshoot, and amplitude; and in 
milliseconds, the action potential duration measured 
at 50%, 70%, 90%, and 95% of complete repolariza- 
tion (APDs 5, APD yy, APDog, APDgs). Regional action 
potential characteristics were evaluated by recording 
from 10 consecutively impaled fibers located at each 
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of two discrete (1 x 2 mm) sites in each preparation 
under each experimental condition. One site (Figure 
1) was located at the false tendon—anterior papillary 
muscle junction (proximal fibers), and a second site 
(distal fibers) was located 2-3 cm toward the cardiac 
apex from the proximal recording site. Purkinje fibers 
from these regions are well known to exhibit charac- 
teristically long (proximal) and short (distal) APDs 
(8). The action potential data from 10 proximal and 10 
distal fibers were pooled by region to develop aver- 
age values of the measured characteristics at each site 
under each experimental condition over a period of 
approximately 30 min. 

The action potential responses to halothane, iso- 
flurane, and enflurane were determined in three 
groups of six hearts studied in the following se- 
quence: control 1, high dose; control 3, low dose, and 
control 5 in experiments lasting 6-7 h. The influence 
of time on the action potentials was also evaluated in 
a control group of six hearts studied in an analogous 
manner at identical times (control 1 to control 5) and 
referred to as the no-anesthetic group. In the anes- 
thetic groups, the washin period for each dose was 
20 min (approximately 10 time constants), and the 
washout period was 60 min. These time periods were 
selected on the basis of preliminary studies demon- 
strating that they were sufficient to result in no 
further changes in the repolarization characteristics of 
single continuously impaled fibers with additional 
exposure to each agent. The anesthetics were intro- 
duced by switching to a reservoir of solution preequil- 
ibrated at room temperature with the agents by passing 
the O,/CO, mixture through calibrated vaporizers. The 
vaporizers were initially set to high concentrations and 
allowed to equilibrate for 1.5 h. The low dose of each 
agent was prepared by 1:1 dilution of the high-dose 
solution and by equilibration at one-half the initial 
vaporizer setting. The anesthetic concentrations in 
the tissue chamber at equilibrium, determined by gas 
chromatography, were as follows: halothane, 0.74 + 
0.16 mM (2.5 vol%) and 0.31 + 0.04 mM (1.1 vol%); 
isoflurane, 0.82 + 0.08 mM (3.8 vol%) and 0.41 + 
0.02 mM (1.9 vol%); and enflurane, 1.00 + 0.09 mM 
(3.5 vol%) and 0.57 + 0.07 mM (2.0 vol%) at the high 
and low doses, respectively. The dose levels obtained, 
in terms of volume percent and MAC multiples of each 
anesthetic (9), were calculated (10) from the mean 
values of the millimolar bath concentrations using the 
liquid/gas partition coefficient of a similar Krebs’ solu- 
tion (11). 

The action potential characteristics obtained were 
evaluated by analysis of variance for three factors 
(group, site, time or dose) with repeated measures 
(time, site) and are presented in terms of mean + SEM. 
The within- and between-group means and mean 
changes from preceding control were compared by the 
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Waller-Duncan LSD (least significant difference) 
method (12) based on the variance of all 24 preparations 
for each measured characteristic. A probability level of 
0.05 or less was considered significant. 


Results 


The action potentials of fibers located in several 
regions of the canine left ventricular conduction sys- 
tem are shown in Figure 1. In this control prepara- 
tion, the APD of fibers located at the false tendon- 
anterior papillary muscle junction (designated as 
proximal fibers) was longer than that of fibers over- 
lying the apical endocardium (designated as distal 
fibers) or fibers located within either the main LBB 
near its origin or the internal division of the LBB 
overlying the septum. To assess the anesthetic effects 
on Purkinje fibers exhibiting long and short APD, the 
responses of proximal and distal fibers were mea- 
sured in an identical manner under each condition. 
The mean values of each action potential characteris- 
tic in the anesthetic groups are given in Table 1. 


Membrane Potentials and Upstroke Characteristics 


The maximum. diastolic potential differed slightly be- 
tween groups (mean values ranging from 84.1 + 

0.4 mV in the enflurane group to 86.4 + 0.6 mV in the 
no-anesthetic group, P = 0.05, averaged by region and 
time) and between regions (86.1 + 0.4 mV for proximal 
fibers ve 84.0 + 0.3 mV for distal fibers, P s= 0.05, 
averaged by group and time), but did not exhibit sig- 
nificant time or anesthetic effects. Similarly, the over- 
shoot difered between groups (values ranging from 
32.9 + 0.9 mV in the halothane group to 36.9 + 0.5 mV 
in the mo-anesthetic group, P = 0.05, averaged by 
region and time) and by region (33.4 + 0.5 mV for 
proximal fibers vs 35.4 + 0.5 mV for distal fibers, P = 
0.05, averaged by group and time). In addition, the 
overshoct exhibited time-dependent decreases in sev- 
eral grouds and moderate depression (P = 0.05) relative 
to the preceding control mean in the presence of 
1.0 mM enflurane at both proximal and distal regions. 
The amplitude also differed between groups (values 
ranging from 118.1 + 0.6 mV for the enflurane group to 
123.1 + C7 mV in the no-anesthetic group, P = 0.05, 
averaged by region and time) and decreased moder- 
ately over time but did not differ between the two 
regions. The amplitude of distal but not proximal fibers 
was reduced (P = 0.05) in the presence of 1.0 mM 
enflurane relative’ to preceding control. The rate of 
phase 0 d2polarization (V mag did not exhibit significant 
between-group differences or deterioration over time 
and only tended to show slightly greater mean values 
for proximal fibers (458 + 20 V/s) than for distal fibers 
(411 + 18 V/s). 
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Table 1. Effects of Halothane, Isoflurane, and Enflurane on the Action Potential Characteristics of Proximal and 


Distal Purkinje Fibers 
MDP OS 
(mV) (mV) 
Halothane 
Proximal PF 
Control 1 ~86.5 + 1.5 32.4+1.4 
0.7 mM HAL —~85.6 + 0.7 32.1 + 0.7 
Control 3 -84.5 + 1.5 31.2 + 1.1 
0.3 mM HAL —85,2 + 1.0 31.5 + 1.2 
Control 5 —84.9 + 1.0 31.4 + 0.8 
Distal PF i 
Control 1 —82.0 + 1.3 35.9 + 1.3 
0.7 mM HAL —83.6 + 1.1 34.9 + 1.5 
Control 3 —82.9 + 0.7 33.1 + 1.4? 
0.3 mM HAL —84.0 + 0.8 34.0 + 1.1 
Control 5 —84.2 + 0.8 32.1 + 1.6 
Isofluranr 
Proximal PF 
Control 1 ~~ 86.2 + 0.4 33.8 + 0.9 
0.8 mM ISO —86.4 + 0.8 32.7 + 1.0 
Control 3 —87.2 + 0.6 33.8 + 0.9 
0.4 mM ISO —87.5 + 0.5 33.4 + 0.8 
Control 5 —85,9 + 0.6 31.9 + 0.6° 
Distal PF 
Control 1 —85.7 + 0.5 35.9 + 1.0 
0.8 mM ISO —84.6 + 0.6 34.8 + 0.9 
Control 3 —82.9 + 1.0 34.6 + 0.9 
0.4 mM ISO ~84.3 + 1.0 33.4 + 1.2 
~ Control 5 ~82.9 + 1.1 34.5 + 1.0 
Enflurane 
Proximal PF 
Control 1 —~85.1 + 1.0 33.4 + 1.0 
1.0 mM ENF ~84,5 + 1.2 31.2 212" 
Control 3 —85.3 + 0.9 32.2 + 0.2 
0.6 mM ENF ~84.6+ 1.4 31.6 + 1.2 
Control 5 —~84.5 + 1.0 33.1 + 0.9 
Distal PF 
Control 1 —84,.6 + 1.0 37.5 + 0.9 
1.0 mM ENF —83.2 + 0.7 34.8 + 1.0" 
Control 3 —82.6 + 0.7 35.3 + 0.9% 
0.6 mM ENF —83.1 + 1.1 36.9 + 0.7 
Control 5 —82.9 + 1.0 35.0 + 1.2 


Amp Vic. APDso APD 

(mV) (V/s) (ms) (ms) 
118.9 + 2.0 417 + 26 246 +9 301 + 10 
117.5 + 1.6 451 + 41 194 + 7" 268 + 6 
115.7 + 2.2 455 + 50 241 + 6 305 + 6 
114.9 + 1.8 475 + 55 231 + 4" 299 + & 
116.2 + 1.4 431 + 36 251 + 6° 314 + 6 
117.9 + 2.0 444 + 27 203 + 8 255 + 8 
118.5 + 2.1 459 + 68 191 + 6° 251 +6 
116.0 + 1.8 394 + 25 213 + 6° 264 + 6? 
118.0 + 1.5 365 + 42 217 + 5 273 + 6 
116.3 + 1.5 353 + 38 225 + 7 274 + 6? 
119.9 + 0.8 423 + 28 243 +7 303 + 6 
119.4 + 0.7 426 + 21 151 + 11" 234 + F 
120.9 + 1.0 451+ 2 235 + 3° 297 + 4° 
120.9 + 0.7 456 + 23 203 + 5* 275 + & 
117.8 + 1.0 397 + 17 241 +3 307 + 4 
15 2°22 424 + 20 181 + 8 232 + 9 
119.3 + 0.7 400 + 19 143 + 10° 207 + §* 
117.6 + 1.1 364 + 20 185 +7 239 + 8° 
117.7 + 0.8 369 + 25 185 +7 242 + 6 
117.4 + 0.8" 373 + 23 203 + 6° 257 + 4° 
118.5 + 1.3 408 + 40 253 + 11 308 + 10 
115.6 + 2.1 424 + 39 139 + 12° 242 + 11“ 
117.4 + 0.8 468 + 62 250 + 11 316 + 11° 
116.2 + 1.8 456 + 72 193 + 11" 285 + 11° 
117.6 + 0.9 490 + 57 249 + 12 323 + 10° 
122.1 + 1.2 475 + 60 204 + 6 247 +8 
118.0 + 1.6° 423 + 74 153 + 6* 229 + 3" 
118.0 + 1.4° 431 + 74 204 + 2 257 + 3? 
120.0 + 1.2 419 + 48 187 + 5° 255 + 4“ 
117.9 + 1.4° 421 + 79 209 + 5° 264 + 3 


MDP, maximum diastolic 


ntial; OS, overshoot; Amp, amplitude; Vmax Tate of phase 0 depolarization; APD, action potential duration at 50% and at 
90% repolarization; PF, Purkinje fibers; HAL, halothane; ISO, isoflurane; ENF 


, ernflurane. 


Values are expressed as mean + sem for six hearts in each group based on pooled values from 10 Purkinje fibers for each region under each condition. 


‘P s 0.05 versus immediate preceding control. 
bP s 0.05 versus inital control (control 1), time-dependent effect. 


Repolarization Characteristics 


The anesthetics produced substantial decreases of APD 
as illustrated in Figure 2. Qualitatively, each anesthetic 
produced larger reductions of proximal fiber APD than 
of distal fiber APD and thereby tended to reduce the 
difference of APD between fibers in the two regions 
present under control conditions. In addition, the de- 
creases of proximal fiber APD in response to enflurane 
and isoflurane appeared more prominent than in re- 
sponse to halothane. Quantitatively, the recording lo- 
cation, group, and time or dose effects were each 


associated with a significant influence on the values of 
APD obtained at each level (50%-95%) of repolariza- 
tion. The regional difference was characterized by 
greater (P = 0.01) mean values of proximal than of 
distal fiber APD at each level of repolarization in the 
absence of anesthetic in all groups. There were usually 
significant time-dependent increases of the mean val- 
ues of APD between the initial (C1), or middle (C3), and 
final (C5) control periods in each anesthetic group 
(Table 1) as well as in the no-anesthetic control group 
(data not shown). The control difference between prox- 
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med 


Figure 2. Simultaneously recorded single proximal (PROX) and 
distal (DIST) Purkinje fiber action potentials from typical prepara- 
tions under control conditions (solid tracings) and after exposure 
(dashed tracings) to halothane (HAL), isoflurane (ISO), and enflu- 
rane (ENF). Each anesthetic produces a larger decrease of proximal 
than distal fiber APD. 


imal and distal APDə values, averaging 68 + 10 ms for 
all groups (time-averaged values; proximal 320 + 16ms 
vs distal 252 + 11 ms; P = 0.01). was well maintained 
during superfusion but decreased from 75 + 9 ms to 
65 + 11 ms between initial and final control periods in 
association with slight increases of both proximal and 
distal APDogy. To minimize the influence of time- 
dependent changes on the assessment of anesthetic 
effects, the change of APD from immediate preceding 
control values was calculated for each region and anes- 
thetic concentration and at analogous times in the 
no-anesthetic group. The resulting changes were used 
to evaluate dose dependence and differences by regions 
for each dose within anesthetic groups and to compare 
responses between groups based on the variance of all 
preparations. 

For either proximal or distal fibers, the changes of 
APD were larger (P = 0.01) at the high concentration 
compared with the low concentration of each anes- 
thetic (Figure 3). In addition, for either dose of the 
anesthetics, the changes of APD were larger (P = 0.01) 
inthe proximal than in distal fibers. To clarify between- 
group comparisons, only those changes that were sig- 
nificantly larger than the changes at the same time in 
the no-anesthetic group are indicated in Figure 3. For 
proximal fibers at high dose, the decreases of APD 
resulting from 1.0 mM enflurane were larger (APDs,) or 
equal to (APD,,) that resulting from 0.8 mM isoflurane, 
and both anesthetics decreased APD more than 
halothane did (P = 0.01). For distal fibers at high dose, 
enflurane and isoflurane decreased APD. more than 
halothane did (P = 0.05). However, the smaller change 
of APD; resulting from halothane (—12 + 7 ms) was 
not significantly larger than the change (—3 + 7 ms) 
occurring at the same time in the no-anesthetic group, 
and thus 0.7 mM halothane may not significantly 
depress distal fiber APD;». Similarly, only the decrease 
of distal fiber APD resulting from 0.8 mM isoflurane 
(—25 + 9 ms) was larger (P = 0.05) than the change in 
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Figure 3. Between-group comparisons of changes of APD of 
proximal and distal Purkinje fibers on exposure to low and high 
doses of halothane (0.3 and 0.7 mM), isoflurane (0.4 and 0.8 mM), 

and enflurane (0.6 and 1.0 mM). a, P = 0.01; b, P = 0.05 com 

with changes in the no-anesthetic (time control) group. c, P s 0.01, 

d, P = 0.05 compared with changes in the halothane group. 


the no-anesthetic group (—2 + 6 ms), whereas the 
changes resulting from enflurane (~18 + 10 ms) and 
halothane (—4 + 7 ms) did not differ from that in the 
no-anesthetic control group. These comparisons, based 
on changes, exhibited greater between-group variations 
than the mean values under each condition. Thus, 
although the small decreases of proximal fiber APDsp 
and APD. resulting from low-dose halothane (Figure 
3) were not significant relative to the changes in the 
no-anesthetic group, the mean values of proximal fiber 
APD; (231 + 4 ms) and APDog (299 + 6 ms) in the 
presence of halothane (Table 1) were significantly less 
(P = 0.05) than the mean values of the preceding and 
following controls (APDsg: C3 241 +6 ms, C5 
251 + 6 ms; APD: C3 305 + 6 ms, C5 314 + 6 ms) 
within the halothane group. 

The results shown in Figure 3 generally indicate 
that the decreases of APD in fibers of either region 
were larger for 1.0 mM enflurane and 0.8 mM isoflu- 
rane than for 0.7 mM halothane and that the anes- 
thetic actions tended to be greater for early (APDs9) 
compared with later (APD) repolarization. The ac- 

tions of the agents decreasing APDsy and APD in 
the more sensitive proximal fibers,are illustrated in 
Figure 4 as a function of the millimolar concentrations 
and of the calculated MAC multiples. Expressed as 
millimolar concentration, isoflurane and enflurane 
produced about equivalent decreases of APD at con- 
centrations less than the higher halothane dose. In 


608 POLIC ET AL. 
ANESTHETICS ON PURKINJE FIBER POTENTIALS 


—~t—- HALOTHANE ~~ e-- 
Ëg 
Eg 
= 
5 = 
z 
5 
O 
I 
< 
a 0.25 0.50 0.75 1.00 
O 0 
a. 

z 

5 

x g 

O A i 
a < 

< 

ui 

oc 

© 

t 

Q 100 


= 
N 
a 


0.50 0.75 
ANESTHETIC (mM) 


Figure 4. Decreases of proximal Purkinje fiber APDsy and APDgo 
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(y-axes) as a function of millimolar and MAC (minimum alveolar 


concentration) anesthetic concentrations (x-axes). a, P = 0.05 vs low-dose halothane, b, P = 0.01 versus high-dose halothane. 


t 


terms of MAC multiples, enflurane produced larger 
decreases of APD than isoflurane or halothane did at 
somewhat less than equianesthetic doses, and high- 
dose isoflurane produced larger decreases of APDsy 
and APD than did an approximately a 
concentration of halothane. 

The larger actions of each anesthetic on proximal 
than or distal fiber APD (Fig. 2) tended to reduce the 
difference of APD between the two regions present 
under control conditions. This aspect of anesthetic 
action is summarized in Figure 5 by derived values of 
the difference of APDg) between fibers of the two 
regions under initial control conditions and in the 
presence of the. higher concentration of each agent. 
Halothane, isoflurane, and enflurane each reduced 
the difference between the values of APDo in the two 
regions. Although high-dose enflurane and isoflu- 
rane decreased APDgy in proximal fibers more than 
halothane did, these anesthetics were not signifi- 
cantly more effective than halothane in reducing the 
difference of APD between the two regions, proba- 
bly because enflurane and isoflurane also tended to 
decrease distal fiber APDgp. 


E ANESTHETIC 


100 O CONTROL 


(ms+SEM) 


P-D DIFFERENCE OF 
90 


APD 





0 
ANESTH HAL ISO ENF 
[mM] 0.7 0.8 1.0 
Figure 5. Differences of APD between proximal and distal Pur- 
kinje fibers under control conditions and at the higher doses of 
halothane, isoflurane, and enflurane. Each anesthetic reduced 
regional differences of APDgo. a, P = 0.01, b, P = 0.05 compared 
with changes in the no-anesthetic control group. 


Discussion 


Our findings indicate that all three anesthetics have 
greater actions decreasing APD of Purkinje fibers 
exhibiting characteristically long (proximal fibers) 
rather than short (distal fibers) APD. These actions 
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reduce the normal regional difference of APD (prox- 
imal longer than distal) present under control condi- 
tions in the canine heart. In addition, isoflurane and 
especially enflurane produce larger decreases of prox- 
imal fiber APD than halothane does at lower (enflu- 
rane) or approximately equivalent (isoflurane) multi- 
ples of equianesthetic (MAC) doses. Thus, the 
relative anesthetic actions on Purkinje fiber repolar- 
ization (enflurane = isoflurane > halothane) appear 
to differ from their relative anesthetic potencies 
(halothane > isoflurane > enflurane) and their com- 
monly accepted relative negative inotropic effects 
(halothane = enflurane > isoflurane) on isolated 
muscle fibers (13-15). . 

Low concentrations of halothane, isoflurane, and 
enflurane (1 MAC) produce comparatively similar 
decreases of spontaneous rate, phase 4 diastolic de- 
polarization and APD; of primary pacemaker fibers 
in the guinea pig sinoatrial node (16). Although other 
studies indicate that relatively larger concentrations 
of these ariesthetics are required to decrease APD of 
ventricular muscle fibers (17-21), these anesthetics 
are not known to differ in their effects on the action 
potential contour in this tissue. The differential re- 
gional actions of isoflurane and enflurane on canine 
Purkinje fiber repolarization observed in the present 
study were similar to but more prominent than those 
previously found for halothane (4,6). The findings 
suggest that anesthetic actions shortening Purkinje 
fiber APDog may occur at relatively low concentra- 
tions in those regions of the conduction system (false 
tendons) exhibiting characteristically longer control 
APD, with minimal effects on the maximum diastolic 
potential, the amplitude, or V nax of the action poten- 
tial. 


The results are necessarily limited because of the 
artificial conditions of superfusion of large endocar- 
dial preparations in which only several subendocar- 
dial cell layers maintain normal action potentials, 
whereas deeper hypoxic myocardial fibers gradually 
depolarize and become electrically quiescent. The 
time-dependent increases of distal fiber APD ob- 
served may reflect the electrotonic influence of their 
connections through low-resistance Purkinje fiber- 
muscle junctions to progressively more depolarized 
myocardial fibers during continued superfusion. The 
in vitro findings are also limited in their extrapolation 
to the in vivo state in which anesthetic-related 
changes in hemodynamics, ventricular volume, hu- 
moral factors, or cardiac atitonomic efferent activity 
(22) could influence the repolarization characteristics 
of Purkinje fibers in different conduction pathways 
through the ventricular conduction system. 

. The mechanisms by which the volatile anesthetics 
alter the Purkinje fiber action potential probably 
involve several simultaneous changes in different 
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transmembrane ionic currents and underlying spe- 
cific channel (Ca**, Na*, K*) activities. In addition, 
the action potentials of Purkinje fibers clearly differ in 
different regions of the heart and also differ from 
those of ventricular miuscle fibers. These tissue and 
regional differences may reflect specific cellular char- 
acteristics such as the absence (Purkinje) or presence 
(ventricular muscle) of T-tubules, differences in pas- 
sive membrane properties, or differences in the num- 
ber, density, and activity of specific channel types 
between tissues or regions. Studies from this labora- 
tory indicate that halothane, isoflurane, and enflu- 
rane produce similar reductions of inward Ca** chan- 
nel current in Purkinje fibers (23). In addition, 
halothane and isoflurane similarly inhibit the small 
fraction of inward Na* current that persists several 
hundreds of milliseconds after depolarization and 
contributes to maintenarice of the prolonged plateau 
duration of false tendon Purkinje fibers (24). These 
actions on plateau-phase Na* currents may account 
for the similarity between the regional actions of 
halothane and the low doses of the Nat channel 
blocker tetrodotoxin on the APD of proximal and 
distal Purkinje fibers (6). However, if they are quan- 
titatively similar they may not account for the appar- 
ent greater potency of isoflurane than of halothane in 
decreasing APD. It is also possible, although less 
likely, that the volatile anesthetics could produce 
different degrees of action potential shortening be- 
cause of use-dependent block of either Na* or Ca?* 
channels. On the other hand, there is evidence that 
halothane may inhibit outward K* current, at least in 
atrial fibers (25), and may have actions on Na*-Ca** 
exchange currents (18) during either early or later 
repolarization. Thus, the actions of the anesthetics on 
the transmembrane ionic currents underlying gener- 
ation of the cardiac action potential are complex and 
require further careful studies to quantitatively ac- 
count for the observed differences in their regional 
effects on Purkinje fiber APD. 

The actions of the volatile anesthetics reducing the 
difference between the APD of false tendon and 
apical Purkinje fiber may alter conduction during the 
relative refractory period and potentially influence 
the occurrence of reentrant excitation. Early prema- 
ture impulses descending through the atrioventricu- 
lar node normally undergo conduction block at re- 
gions of increased APD and refractoriness in the 
bundle branches, producing functional bundle 
branch block (26). The actions of isoflurane and 
enflurane decreasing the APDg false tendon fiber 
may be expected to reduce refractory periods in the 
His-Purkinje system in vivo in a manner similar to 
that reported for halothane (7) and to increase the 
prematurity required to produce aberrant conduc- 
tion. These actions could contribute to reexcitation by 
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(a) permitting conduction of premature descending 
impulses, which would otherwise undergo conduc- 
tion block along some pathways, to a wider region of 
the more slowly conducting and incompletely repo- 
larized endocardium, or by (b) decreasing the APD of 
Purkinje fibers proximal to a site of unidirectional 
block such that a potential reentrant impulse would 
not have to persist as long in its retrograde conduc- 
tion to the site of ‘block before expiration of the 
proximal refractory period. The latter type of action 
may contribute to the facilitation of reentrant activity 
by halothane in the 1-day-old canine infarction model 
in which the decreases of APD of false tendon fibers 
located outside the ischemic region by halothane may 
permit reexcitation by slowly conducting impulses 
within the more refractory ischemic region (4). On 
the other hand, isoflurane and enflurane, which are 
less “sensitizing” to the arrhythmogenic actions of 
catecholamines than halothane (27), were observed to 
produce larger decreases of false tendon Purkinje 
fiber APD than halothane did. If the combination of 
epinephrine with halothane slows.conduction in false 
tendon Purkinje fibers and contributes to conduction 
block and reentry, as has been suggested by Rey- 
nolds and Chiz (28), and either the a- or -adrenergic 
effects of catecholamines on Purkinje fibers (29) con- 
tribute to reexcitation by increasing the disparity of 
regional repolarization characteristics in the conduc- 
tion system, then isoflurane or enflurane could be 
less “sensitizing” then halothane because the latter 
produces relatively smaller decreases of Purkinje 
fiber APD in specific regions of the heart. This 
speculation would suggest that very low concentra- 
tions of halothane may produce “sensitization,” with 
perhaps some change at higher doses. Metz and 
Maze (30) reported that the threshold dose for epi- 
nephrine-induced arrhythmias in the dog is not al- 
tered over a range of halothane concentrations 
from 0.5 to 2.0 vol%. In contrast, other studies 
suggest that subanesthetic concentrations of halo- 
thane (0.1-0.5 vol%) produce dose-dependent reduc- 
tion of the arrhythmogenic plasma level of epineph- 
rine, in the presence of etomidate basal anesthesia 
(31). However, the possible relationship between the 
observed differences in the actions of halothane, 
isoflurane, and enflurane on the APD of false ten- 
don Purkinje fiber and the differences between their 
actions altering the sensitivity of the heart to the 
occurrence of catecholamine-associated arrhythmias 
is unknown. 

In conclusion, we demonstrate that isoflurane and 
enflurane, like halothane, produce dose-dependent 
regional effects on Purkinje fiber action potentials 
characterized by larger decreases of APD in fibers 
exhibiting long (false tendon fibers) as compared 
with short (apical fibers) control durations. Isoflurane 
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and enflurane are “more potent” than halothane in 
decteasing APD of the more sensitive false tendon 
fibers. These actions of the volatile anesthetics reduce 
regional differences of Purkinje fiber APD and could 
alter the occurrence of arrhythmias in the ventricular 
conduction system when the latter are associated 
with abnormal conduction and differences in the 
refractory characteristics of fibers in different regions. 
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Effect of Midazolam on the Auditory Event-Related 
Potential: Measures of Selective Attention 
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KRamdas Alagesan, FFARCS, and Robert F. Bedford, MD 


Memorial Sloan-Kettering Cancer Center, Department of Anesthesiology and Critical Care Medicine, New York, 


New York 


To elucidate the delayed effects of midazolam, we 
assessed electrophysiologic and motor responses by 
measuring auditory event-related potentials and a 
button-press reaction time response in 10 normal 
volunteers (aged 25-36 yr). Fifty minutes after intra- 
venous infusion of 0.07 mg/kg of midazolam, subjects 
were mildly sedated, oriented, and readily respon- 
sive to verbal commands. To obtain ERPs, frequent 
tones (85%: 1000 Hz) and rare tones (15%: 2500 Hz) 
were presented at intervals of 1.5 s. Electroencepha- 
lographic signals were collected from F}, Cz, and Pz 
for 1000 ms after stimulus presentation until 40 arti- 

fact-free rare-tone responses were obtained (average 
time, 6 min). Peak-to-peak amplitudes and latencies 
for N2, P3, and the subsequent negative slow wave 
(N3) were averaged within condition and were ana- 
lyzed by repeated measures analysis of variance. 


N 


After midazolam infusion, there was a 50% decrease 
in amplitude of P3 in response to target tones (P < 
0.006), whereas N3 latency increased by 40 ms (P < 
0.05). Event-related potential amplitudes were still 
significantly larger to rare (target) stimuli (P < 0.003) 
after midazolam infusion. Although reaction time 
increased by 70 ms (P = 0.031), performance accuracy 
remained unchanged. Self-ratings of sleepiness and 
concentration show that a significant sedation effect 
was still present 50 min after infusion. Although 
routine clinical examination may be normal, full re- 
covery from the effects of a typical intravenous dose 
of midazolam requires more than 50 min. The poten- 
tial for adverse drug interaction, particularly with 
narcotics, is still present at this time. 

(Anesth Analg 1991;73:612-8) 





idazolam is a short-acting benzodiazepine 

used for sedation and for the production of 

anterograde amnesia (1,2). A 5-mg intrave- 
nous dose in a 70-kg adult will produce amnesia 
lasting 20-30 min (3). Midazolam is frequently used 
in dose range to provide sedation during minor 
operative procedures. Customarily, patients are ob- 
served closely for 30-60 min after intravenous admin- 
istration of midazolam and then they are discharged 
from medical care shortly thereafter. Gross clinical 
examination and behavioral responses may lead to 
the conclusion that there are no residual effects of 
midazolam. More sensitive tests, however, may 
show a continuing degradation of performance (4), 
and this subclinical effect may be greatly enhanced by 
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small doses of other drugs acting on the central 
nervous system (CNS) especially narcotics (5,6). 

Benzodiazepines produce dramatic changes in 
CNS activity, as demonstrated by the electroenceph- 
alogram (EEG) (7-9). Long-latency event-related 
potentials (ERPs) obtained from the raw EEG can 
provide information on higher cognitive processing. 
These potentials are elicited by tasks requiring atten- 
tion, and thus would be affected by agents impairing 
attention including benzodiazepines (10). The late 
components of the ERP, which include N2 (or N200) 
and P3 (or P300), specifically index stages in the 
deployment of selective attention (11-14). 

Although other varieties of evoked potentials have 
drawn attention in the anesthesia literature (15,16), 
few studies have investigated the effects of benzodi- 
azepine sedation on the late components of the ERPs 
including P3. Conditions that reduce the efficiency of 
CNS transmission and cognitive information process- 
ing, such as sleep, CNS depressants, and organic 
dementia reduce the amplitude and increase the 
latency of the P3 component (17-19). 

In this study, we focused our attention on the late 
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components of the auditory ERP as sensitive indica- 
tors of complex cognitive processing, and we. report 
the changes observed approximately 50 min after 
intravenous infusion of midazolam in volunteer sub- 
jects. Concomitantly, behavioral data (reaction time 
and subject visual analogue scales (VAS)) were ob- 
tained to assess the sedative effects of midazolam. 
This study is different from those of previous reports 
in that midazolam was administered in a fashion that 
would be more typical of a clinical situation (20,21). 
Midazolam was given in a single dose, with only two 
ERP recordings obtained at 45 and 60 min after drug 
administration, to minimize any fatigue or practice 
(“habituation’’) effects on ERP results (22). This time 
corresponds to when most patients would be re- 
leased from close observation after a minor operative 
procedure. 


Methods 


Ten paid volunteers (4 men, 6 women) aged 25-36 yr 
(mean age, 30.4 yr) gave their informed consent to 
participate in this protocol approved by the local 
institutional review board. Subjects had a negative 
history for medical or neurologic problems. Subjects 
had no oral intake for at least 8 h and were allowed no 
caffeine on the day of the study. 

An intravenous infusion of midazolam (0.07 mg/kg) 
was administered over a 10-min period. At the end of 
infusion, the subjects were drowsy but still responsive 
to verbal commands. During and after the infusion, 
subjects were monitored with electrocardiogram, arte- 
rial blood pressure, and pulse oximetry. 

As a measure of replicability, ERPs were recorded 
twice in the baseline period, and again at, 45 and 
60 min after the start of the infusion. Subjects were 
instructed to keep their eyes closed and to avoid 
talking or moving during recording. The analog EEG 
signal was collected from Fz, Cz, and Pz referenced to 
linked mastoids (A; and A,) for 1000 ms after stimu- 
lus presentation. Electrode impedances were less 
than 5 KQ. Using a Tracor Northern Nomad 3400 
acquisition device with on-line artifact rejection, the 
EEG was sampled at 128 Hz in a bandwidth of 
1-30 Hz. Auditory stimuli were presented using an 
“oddball” paradigm, with frequent (85%: 1000 Hz) 
and rare (15%: 2500 Hz) tones presented at intervals 
of 1.5 s. Tones had a stimulus duration of 60 ms and 
were presented binaurally at 80 dB without masking 
noise. Electroencephalogram responses to the stimu- 
lus tones were summed and averaged by the Tracor 
Nomad 3400. Each ERP recording (“trial”) took about 
6 min and was terminated when 40 artifact-free 
rare-tone responses had been collected. 

Subjects were instructed to count the rare tones 
(targets) and to press a button every time a rare tone 
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was presented: Frequent tones (nontargets) were not 
task-relevant. After the conclusion of ERP recording, 
subjects were asked to report how many rare tones 
they had counted. They did not receive feedback on 
the accuracy of their count. 

Stimulus tones and button-press responses were 
recordec on séparate channels of a stereo cassette 
recorder. The time delay between stimulus tone and 
button-press response was then determined using 
the same recorder in the playback mode. An interface | 
circuit using two phase-locked loop tone decoders 
was used to differentiate between the frequent and 
rare tones on the stimulus channel of the tape. A 
separate detector circuit determined the timing of the 
button-press response. Digital outputs from ‘both 
circuits were connected to a timer interface board 
(model CTM-05; Keithly/Metrabyte, Taunton, Mass.) 
residing within a PC-AT 386 clone computer. Soft- 
ware wri-ten by one of the authors (S.M.) determined 
the time delay between the stimuli and the re- 
sponses. To verify periodically the accuracy of the 
reaction time (RT) analysis system, a calibration tape 
was recorded containing a set of tones and responses 
with known delays between 10 and 990 ms. The time 
delay accuracy so aed was reliable to within 
+10 ms. 

The R7 was measured in milliseconds, and incor- 
rect responses (pushing button when rare tone was 
not presented; no button push within 1 s after rare 
tone) were counted. The mean RT for each trial was 
later correlated with mean peak latency and with 
amplitude of the individual components of the ERP 
for that trial. 

Subjective ratings of sleepiness (SLP) and concen- 
tration: (CON) were obtained af. frequent intervals 
throughout the study. These ratings were made by 
placing a mark on a 15-cm line between two anchored 
extremes ‘very wide awake—very sleepy; can’t con- 
centrate a: all—can concentrate fully). The data were 
scored as the distance in centimeters from the zero 
point of the scale to the subject’s mark. Visual ana- 
logue scale ratings made before and after the ERP 
recordings were averaged and compared with the 
mean baseline VAS ratings by paired t-test. 

A serum sample was obtained at the end of each 
ERP recording to determine midazolam concentra- 
tion. As -he two ERP trials made after receiving 
midazolam were averaged together, the two serum 
levels wer2 also averaged for each suibject. 

For each average waveform, the components N2, 
P3, and N3 (the negative-going slow wave following 
P3) were identified visually. The latency and ampli- 
tude for eech component were determined by cursor 
placement on the ERP display provided by the Tracor 
Nomad 34)0. Latency was measured in milliseconds 
from stimulus onset to the point of maximum ampli- 
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Figure 1. Schematic representation of an auditory event-related 
potential showing positive and negative peaks labeled successively 


P1, N1, P2, N2, P3, and N3. A, B, and C identify the latency of 


peaks N2, P3, and N3, respectively. D and E show the measure- 
ment of amplitude for N2P3 and P3N3, respectively. 


tude.. Amplitude was measured peak-to-peak and 
was defined as the point of maximum positivity (or 
negativity) for that component. Figure 1 shows how 
latency and amplitude are obtained for each wave- 
form component. Measurements of peak amplitudes 
and latencies for the two trials in each condition were 
compared by paired t-test. As no significant differ- 
ences were found, the two trials were averaged for 
each condition. A repeated measures analysis of 
variance was computed for each ERP component (N2, 
P3, and N3 latency; N2P3 and P3N3 amplitude). The 
analysis included the main effects of condition (Cond, 
baseline vs drug), stimulus (Stim, target vs nontar- 
get), electrode (Elec; Fy, Cz, Pz), and their interac- 
tions. Probability values less than 0.05 were taken as 
significant. All statistical analyses were conducted 
with the SAS package (SAS release 6.03; SAS Institute 


Inc., Cary, N.C.). 


Results 


The major effect of midazolam on the ERP is a 
reduction in the amplitude of the P3 waveform (Fig- 
ure 2). P3N3 amplitude decreased nearly 50% after 
midazolam infusion in response to target tones, 
whereas amplitudes to nontarget tones were unaf- 
fected (Cond: P < 0.0001; Stim: P < 0.0001; Cond/ 
Stim interaction: P < 0.006) (Table 1 and Figure. 3). 
N2P3 amplitude was unchanged after midazolam 
infusion, with target tones continuing to elicit higher 
amplitudes after infusion (Stim: P < 0.003). 

Midazolam had little effect on peak latency (Table 
2). N2 latency to target stimuli increased slightly after 
midazolam infusion (about 18-29 ms), whereas non- 
target stimuli were unchanged (Cond/Stim interac- 
tion: P < 0.04). N3 latency increased by 40 ms (P < 
0.05) for both target and nontarget stimuli. 
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Figure 2. Event-related potential (ERP) waveforms from a repre- 
sentative subject (S No. 5) before and after midazolam administra- 
tion. Waveforms are recorded from Fz, Cz, and Pz referenced to 
linked mastoids. The time after stimulus presentation is repre- 
sented on the x-axis in units of 100 ms per division. The dark line 
represents the averaged auditory ERP obtained for the (rare) target 
stimuli, the lighter line represents the averaged ERP obtained for . 
the (frequent) nontarget stimuli. In the baseline condition, N2 and 
P3 are clearly visible to target stimuli. Note the reduction in 
amplitude of P3N3 in all channels after midazolam. 


As shown in Figure 3, significant variations in 
N2P3 amplitude were found between recording sites 
(Elec: P < 0.005) with the largest effect of midazolam 
occurring at Pz (Elec/Stim interaction: P < 0.002). No 
significant differences were found between measure- 
ment sites for P3N3 amplitude. The P3 elicited by 
target tones had a shorter latency at the Pz electrode 
in both conditions (Elec/Stim interaction: P < 0.002). 
No significant latency differences were found be- 
tween electrode sites for any other peaks of the 
waveform before or after the administration of mida- 
zolam. 

Sleepiness increased and concentration decreased 
markedly during drug administration, reaching their 
maximum about 1 h after the infusion ended (Figure 
4). Visual analogue scale scores obtained with the 
ERP recordings 45-60 min after infusion showed a 
significant increase in'sleepiness (P < 0.008) and a 
decrease in concentration (P < 0.02) compared with 
the mean baseline levels. Self-ratings of sleepiness 
and concentration taken at various points during the 
study were highly intercorrelated (—0.75 < r < 
—0.93). These high intercorrelations indicate that the 
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Table 1. Amplitude of Event-Related Potential Components 


Component Baseline Midazolam 
and electrode (nV) (uV) 
N2P3 
Frontal 
Nontargets 2:87 =. 1.92 3.48 + 2.28 
Targets 10:03. 2:35:71 9.22 + 4.75 
Central 
Nontargets 3.27 + 1.88 3.40 + 2.39 
Targets 8.61 + 4.57 8.23 + 5.35 
Parietal 
Nontargets 2.50 + 0.90 2.24 + 1.42 
Targets 7.31 + 3.60 5.82 + 4.39 
P3N3 
Frontal 
Nontargets 4.18 + 3.35 3.30 + 1.35 
Targets 15,09 £5.73 7.52 % 2.74 
Central 
Nontargets 4.30 + 2.76 Jel 
Targets 15.80 + 5.67 8.37 + 3.28 
Parietal 
Nontargets 3.80 + 1.63 2.49 + 0.81 
Targets 16.06 + 4.38 9.09 + 3.53 


Values are mean = sD. 


two VAS scales are reliably measuring the same 
underlying cognitive dimension, sedation. 

The RT data were available for seven subjects. 
Subjects correctly counted 95% of the rare tones 
during baseline and 92% after sedation. As shown in 
Table 3, RT increased an average of 68 ms after 
midazolam administration (P = 0.031), but perfor- 
mance accuracy remained unchanged; that is, there 
was no increase in the number of misses (failure to 
respond to target stimuli) or of false alarms (re- 
sponses made to nontarget stimuli). 

The mean (+ SEM) of serum midazolam concentra- 
tions obtained after the second set of ERP recordings 
was 34.3 + 3.5 we/mL. Values ranged from 56 to 
17 ug/mL (Table 4). Although correlations of serum 
midazolam concentrations with both ERP latencies 
and amplitudes were of moderate size, they did not 
reach statistical significance. 


Discussion 


The late components of the ERP correspond with 
reaction to and cognitive processing of a stimulus 
(9,10). The N2 (or N200) component occurs from 200 
to 300 ms after stimulus, and the P3 (or P300) occurs 
from 300 to 400 ms after stimulus. The N2 wave is 
thought to reflect a stage of information processing 
associated with stimulus evaluation, particularly 
“mismatch” from expectation (23). The P3 is thought 
to represent a “template updating” process in short- 
term memory whereby, on occurrence of a deviant 
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Figure 3. Amplitude of N2P3 and P3N3 to target (T) and nontarget 
(NT) stimuli before and after midazolam administration as a 
function of electrode location. Note that target stimuli elicit higher 
amplitudes than nontargets in both conditions. N2P3 is relatively 
unaffected by midazolam, whereas midazolam reduces P3N3 am- 
plitude to target stimuli. 


stimulus, the cognitive model of the external stimulus 
environment is revised (24). The magnitudes of these 
components vary depending on the nature of the 
stimulus/task demands. Generally, the N2 and the P3 
waves are elicited by the same experimental para- 
digm—attention to an infrequent stimulus associated 
with task performance (8). The P3 is of particular 
interest because it is sensitive to cognitive functions 
and to instructional manipulations rather than to 
physical parameters of the stimulus (25,26). We 
found that indeed the N2 was of shorter latency and 
higher amplitude to the less-frequent target stimuli 
and that the P3 was elicited only to the rare tones, 
which required a button-press response from the 
subject. 

It is interesting to note that the N2P3 amplitude 
did not change, whereas the P3N3 amplitude was 
strongly affected. This would imply that mismatch 
detection was intact, as shown by the accurate behav- 
ioral response, but that little effort was put into the 
template updating process. This lack of memory 
updating may represent a manifestation of the amne- 
sic effect of midazolam and may have a clinical 
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Table 2. Latency of Event-Related Potential Components 


Component Baseline Midazolam 
and electrode (ms) (ms) 
N2 
Frontal 
Nontargets 264.7 + 31.6 260.0 + 26.3 
Targets 231:2 & 25.1 254.8 + 30.9 
Central 
Nontargets 264.7 + 29.6 262.1 + 23.0 
Targets 224.6 + 31.2 299.6 227.7 
Parietal 
Nontargets 264.1 + 30.0 256.0 + 21.3 
Targets 222.1 + 29.4 249.6 + 35.3 
P3 
Frontal 
Nontargets 316.1 + 44.1 350.6 + 79.6 
Targets 302.0 + 28.3 363.6 + 103.5 
Central 
Nontargets 318.3 + 44.9 352.3 + 90.8 
Targets 293.1-+. 31.7 354.6 + 105.0 
Parietal 
Nontargets 316.1 + 41.2 355.3 + 99.7 
Targets 274.4 + 25.6 340.3 + 112.9 
N3 
Frontal 
Nontargets 388.8 + 52.4 436.7 + 86.4 
Targets 420.5 + 28.4 462.8 + 82.2 
Central 
Nontargets 383.0 + 48.2 444.2 + 95.1 
Targets 410.1 + 22.2 458.7 + 80.9 
Parietal 
Nontargets 384.0 + 39.9 445.6 + 84.9 
Targets 414.7 + 24.5 459.2 + 80.1 


Values are mean + SD. 


correlate in the frequently observed tendency of 
patients to ask the same question repeatedly after 
midazolam administration. In a recent study with 
fentanyl and isoflurane or nitrous oxide anesthesia, 
Plourde and Picton (27) found that although no clear 
P3 wave could be demonstrated during emergence 
from anesthesia, the P3 response had returned by 
41 min after extubation (on the average). They sug- 
gest that the reappearance of the P3 indicates that at 
this point in the recovery from anesthesia the patient 
has regained full consciousness in the sense of “the 
ability to think about what one knows or perceives.” 
The use of the P3 in this fashion underlines its 
potential usefulness as a measure of recovety from 
anesthesia. 

Three prior investigations have examined the ef- 
fects of benzodiazepines on the late components of 
the auditory ERP. Samra et al. (28) reported a de- 
crease in P3 amplitude and an increase in P3 latency 
after intravenous lorazepam was given in a dose 
inducing light sedation. They interpreted these 
changes as the result of generalized sedation, as the 
decrease in P3 amplitude did not differ between 
secobarbital and lorazepam. Milligan et al. (20) re- 
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Figure 4. Subjective ratings (mean + sem) of sleepiness and 
concentration before, during, and after midazolam infusion. The 
filled portion of the bar above the x-axis indicates the duration of 
complete amnesia; the striped portion indicates the duration of 
partial amnesia. Note the large change in subjective rating during 
and immediately after infusion. The degree of self-reported effect 
remains fairly constant after this throughout most of the experi- 
ment, although cognitive and EEG effects are changing. (Repro- 
duced by permission of J.B. Lippincott & Co.: Veselis RA, Reinsel 
R, Alagesan R, Herno R, Bedford RF. The EEG as a monitor of 
midazolam amnesia: Changes in power and topography as a 
function of amnesic state. Anesthesiology 1991;74:866-74.) 


Table 3. Behavioral Performance Under Midazolam 
Sedation 


Variable Baseline Midazolam 
Mean reaction time (ms) 291.1 + 41.8 359.1 + 75.3* 
Target tones correctly counted (%) 95.1 + 7.9 92.4 + 13.8 


Values are mean + sD. 
“P < 0.05. 


ported a decrease in the amplitude of the P3, which 
continued for 5 h (five tests) after an intravenous 
infusion of 0.3 mg/kg of midazolam. This dose was 
much larger than that used either in this study or in 
a typical clinical setting. As data were gathered for 
6 h, some effects on the P3 may have been related to 
fatigue, as demonstrated by the placebo response 
over 4 h of testing in Samra’s study. Domino et al. 
(21) also reported a decrease in P3 amplitude after the 
administration of midazolam in incremental doses of 
0.02 mg/kg each. There was a simultaneous reduction 
from 99% to 77% in accuracy of counting the rare 
tones. The placebo arm of that study did not demon- 
strate a fatigue effect over the short duration (60 min) 
of that study. 

In our study, the ERP peak latencies were not 
strongly affected by midazolam 50 min after its ad- 
ministration. Prolongation of ERP latencies is usually 
a very sensitive sign of drug effect, but our results 
indicate that ERP latencies may not be as sensitive as 
amplitude changes to the presence of midazolam. At 
equivalent serum levels, Milligan et al. (20) found no 
significant effects on the ERPs. 

It should be noted that measurements of P3 am- 
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Table 4. Serum Levels of Midazolam at the Time of 
Recording of the Two Event-Related Potential Trials 
(ERP3 and ERP4) and Their Average Value 


Midazolam serum levels (ug/mL) 








Subject ERP3 ERP4 Average’ 
1 45 — 45 
2 53 33 43 
3 26 20 23 
4 38 32 35 
5 56 44 50 
6 30 27 28.5 
7 38 30 34 
8 53 32 43.5 
9 17 17 17 
10 22 26 24 
Mean (ug/mL) 38.0 29,0 34.3 
SEM 4.5 2.6 3.5 





ERP, event-related potential. 
“Average values were used in the computation of correlations with ERP 
latencies and amplitudes. 


plitude are not standardized; thus, comparisons be- 
tween different studies may not be valid. Frequently 
amplitude is measured as a difference between the 
average baseline before stimulus presentation and 
the waveform peak; the average amplitude across a 
given latency interval may also be used (as in the 
study by Plourde and Picton). Alternatively, peak-to- 
peak amplitude differences are reported. This 
method involves measurements of two components, 
each of which may change independently of the 
other. Samra et al. measured P3 peak-to-peak, anal- 
ogous to our P3N3 amplitude. Milligan et al. and 
Domino et al. did not report on their method of 
measurement of P3 amplitude. We describe our re- 
sults both in terms of N2P3 and P3N3 amplitudes to 
identify precisely the ERP component in question. 
Indeed, we found that waveform components do 
change independently: midazolam substantially de- 
creased P3N3 amplitude without affecting N2P3 am- 
plitude. 

The accurate discrimination between target and 
nontarget stimuli was maintained under the influ- 
ence of midazolam, with targets eliciting higher P3 
amplitudes both before and after sedation. Midazo- 
lam preferentially affected the P3 response to target 
stimuli (Figure 3). This amplitude is highly sensitive 
to motivational factors (26), and the decrease in 
amplitude can be interpreted as a sign of lessened 
effort, with fewer cognitive resources being brought 
to bear on a task (29). Despite subjects’ self-reports of 
lessened concentration at this time, they accurately 
performed the button-press task with a slightly pro- 
longed (70 ms, P < 0.05) RT. The increase in RT (from 
291 to 359 ms) was not echoed by a comparable 
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increase in peak latencies. The button-press response” 
was made simultaneously with, and sometimes eve 
before, the peaking of the P300 component. This ha 
been reported in other studies, especially wher 
instructions to the subject have emphasized speec, 
over accuracy (30). 
We conclude that 50 min after administration of ar 
intravenous dose of midazolam, significant CNS ef< 
fects are still present and are associated with ar’ 
increased RT. We have shown that objective secon : 
physiologic effects are present at this time, as re~ 
flected in the late components of the ERP especially” 
the amplitude of P3N3. Subjects, while maintainin e 
accuracy in a button-press task, rated themselves as 
experiencing a sedative effect at this time, and a state 
of subclinical sedation may be demonstrable on res 
peated VAS ratings. The potential for drug interac- 
tions in the postsedative period, such as those re~ 
ported with narcotics and midazolam, may extendi 
beyond currently accepted time limits (5,6). The du~ 
ration of this “subclinical” midazolam effect in the 
postsedative period needs to be determined. 
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To demonstrate the development of acute tolerance 
to the hypnotic effects of morphine, loss and recovery 
of the righting reflex with a constant-rate morphine 
infusion was studied in rats. In one group of animals, 
brain and serum concentrations of morphine were 
detected (radioimmunoassay) at the time of loss of 
the righting reflex, and in another group, at the time 
of the reflex recovery. The morphine infusion at a 
constant rate of 14 mg-kg~'-h~' caused a loss of the 
righting reflex in all animals that was achieved by 


e previously found that during a constant- 

rate 8-h infusion of morphine, its analgesic 

effect, after an initial increase, declined 
profoundly despite the absence of any decrease in 
morphine brain concentration (1). This indicates the 
development of acute tolerance, which is pharmaco- 
dynamic in nature. Tolerance to opioids does not 
develop uniformly to all the actions of opioid drugs: 
there may be complete tolerance to some actions, 
whereas responses to others are relatively unaltered 
(2). Hall et al. (3) reported a significant decline in the 
degree of enflurane MAC (minimum alveolar concen- 
tration of the anesthetic that produces immobility to a 
noxious stimulus) reduction when a stable plasma 
sufentanil level was maintained for 7 h in dogs. The 
authors used the degree of MAC reduction as a 
measure of sufentanil ability to act as an anesthetic. 
They suggested a development of acute tolerance to 
the anesthetic effect of sufentanil. Askitopoulon et al. 
(4) demonstrated an acute tolerance to the inhibitory 
effect of fentanyl on cardiovascular responses evoked 
by noxious stimulation in dogs anesthetized with 
methohexitone. These studies proved that acute tol- 
erance to the antinociceptive effects of opioids can 
develop in anesthesia. The purpose of the present 
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2.5 h. However, this level of response could not be 
maintained, and at 5 h it began to decline. All animals 
recovered the righting reflex by the ninth hour, 
despite the continuing morphine infusion. The mor- 
phine brain and serum levels at the times of loss and 
recovery of the righting reflex were not different. The 
results suggest a development of acute tolerance to 
the hypnotic effect of morphine, which is determined 
primarily by pharmacodynamic mechanisms. 
(Anesth Analg 1991;73:619~21) 


study was to demonstrate the development of acute 
tolerance to the hypnotic effect of morphine. 


Methods 


Experiments were performed on 20 male Sprague- 
Dawley rats weighing 225-275 g. The protocol for this 
study was approved by the Institutional Panel on 
Laboratory Animal Care of the University of Alabama 
School of Medicine. The hypnotic effect of morphine 
was determined with the use of the righting reflex 
test. Righting reflex test was regarded as positive if 
the rat failed to right itself (with all four feet on the 
table) within 15 s after being placed on its back. 

A catheter (PE50) for drug infusion was chronically 
implanted into the jugular vein, and its free end was 
exteriorized through the skin at the back of the neck. 
The surgical procedure for implantation was per- 
formed under pentobarbital anesthesia (50 mg/kg, 
intraperitoneally) several days before the experiment. 
Morphine sulfate was used in the study. The doses 
of morphine were expressed in terms of the salt. 
Morphine was infused at a constant rate of 
14 mg-kg™!-h7! (0.6 mL-kg™'-h~'). The rate was 
selected (pilot experiments) to provide, first, a loss of 
the righting reflex and then its recovery in all animals 
within a 9-h interval. The righting reflex was tested at 
half-hour intervals during the infusion un ali ani- 
mals lost the righting reflex, then thea 
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0 2 4 6 8 10 
TIME (h) 
Figure 1. Time-course of the hypnotic effect with morphine infu- 
sion at a rate of 14 mg-kg~!-h~' as reflected by the frequency of 
loss of the righting reflex (RR). Solid line, recovery group (n = 10); 
interrupted line, induction group (n = 10). *P < 0.005 as compared 
with time 0. 


was regularly checked for recovery as indicated in 
Figure 1. 

Two series of experiments were performed with a 
random allocation of animals. In one series (induction 
series, 10 animals), brain and serum concentrations of 
morphine were determined at the time of loss of the 
righting reflex. Animals were killed by decapitation, 
and brain and blood samples were taken for deter- 
mining the morphine concentration by an investiga- 
tor blinded to the protocol. In another series (recov- 
ery series, 10 animals), brain and blood samples were 
taken at the time of righting reflex recovery. 

The blood sample was allowed to clot and was 
centrifuged, and the serum was refrigerated. The 
brain was excised, freed of blood vessels and choroid 
plexus as much as possible, weighed, and also refrig- 
erated. The whole brain was homogenized in 0.1 M 
sodium phosphate buffer, pH 8.9, at 1 g of brain per 
2 mL of buffer. Brain and serum concentrations of 
morphine were determined using the radioimmuno- 
assay principle (5). 

A solid-phase **I radioimmunoassay method 
(Coat-A-Count Morphine Kit; Diagnostic Product 
Corporation, Los Angeles, Calif.) was used. The 
sensitivity of the Coat-A-Count Morphine assay is 
1 ng/mL, with the variability of the assay +10%. The 
method is highly specific for morphine: 0.03% anti- 
body cross-reactivity with morphine-3-glucoronide 
and 0.15% with morphine-6-glucuronide. 

For calculations, standard curves were prepared 
by plotting the percent of bound ‘“I-morphine ver- 
sus morphine concentration. A best-fit curve for this 
relationship was obtained with the RIA Data Reduc- 
tion computer program. Sample concentrations were 
obtained by interpolating from the standard curve. 
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In the third series of experiments (eight animals), 
the effects of the constant-rate (14 mg-kg~?-h7*) mor- 
phine infusion on arterial CO, tension (Paco,) and 
arterial O, tension (Pao,) were studied. This series of 
experiments included prior preparation of the rats by 
insertion of a catheter (PE10) through the femoral 
artery into the aorta, with the peripheral end of the 
catheter tunneled subcutaneously and exteriorized at 
the back of the neck. Heparinized saline (100 U/mL) 
maintained patency of the catheter. Analysis of arte- 
rial blood gases was performed before, at 2.5 h (peak 
of the hypnotic effect), and at the end of morphine 
infusion. Rat rectal temperature was measured with a 
rectal thermistor probe and a telethermometer before 
and during the morphine infusion. 

The serum and brain morphine concentrations at 
the time of loss and at the time of recovery of the 
righting reflex and data from analysis of blood gases 
were summarized as the mean + sEM. Comparisons 
of the mean morphine levels at the time of loss and at 
the time of recovery of the righting reflex were made 
with a two-sample t-test. The relationship between 
percent of animals with loss of the righting reflex and 
time from start of infusion was compared with a 
x’-test of proportions (6). The relationship between 
brain morphine levels and recovery time was as- 
sessed with linear regression analysis. Comparisons 
of mean blood gas levels among times from infusion 
used a repeated-measures analysis of variance. Pair- 
wise tests between any two means were made with 
Fisher’s protected least significant difference test (6). 
Differences were declared statistically significant if 
P < 0.05. 


Results 


The time-course of the hypnotic action of morphine 
with the constant-rate infusion (14 mg:kg™'-h~') is 
illustrated in Figure 1, which represents the cumula- 
tive number of animals with the blocked righting 
reflex. Morphine infusion at this rate caused a loss of 
the righting reflex in all animals that was achieved by 
2.5 h. However, this level of response could not be 
maintained, and at 5 h it began to decline. All animals 
recovered the righting reflex by the ninth hour, 
despite the continuing morphine infusion. 

Table 1 represents brain and serum morphine 
concentrations at the times of loss and recovery of the 
righting reflex with the constant-rate morphine infu- 
sion. It indicates that at induction of hypnosis and at 
recovery, the morphine levels were not different. 
When the brain morphine concentration was plotted 
against the recovery time (Figure 2), no statistically 
significant relationship (r = —0.20, P = 0.54) between 
these two variables was found. 

The constant-rate morphine infusion (14 mg-kg™?: 
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Table 1. Brain and Serum Morphine Concentrations 
at the Times of Loss and Recovery of the Righting 
Reflex With the Constant-Rate (14 mg-kg™?-h7*) 
Morphine Infusion 


Brain Serum 
concentration concentration 
Group n (ng/g) (ng/mL) 
LRR 10 568 + 62 4195 + 996 
RRR 10 544 + 37 5443 + 1296 
NS NS 


LRR, loss of righting reflex; RRR, recovery of righting reflex. 
Values are mean + SEM. 


“As compared with LRR. 
709 
Ld 
60 
e s 
500 è 
Brain Conc. 
(mg/g) e. * 
40 + 
. ° 
300 8 





0 5 6 7 8 9 ® 
Time of Recovery (h) 


Figure 2. Scatter dia of morphine brain concentration versus 
time of righting reflex recovery. Each dot reflects a separate 

ent: brain concentration at a time of the recovery. r = 
—0.20, P = 0.57. 


h~*) caused a decrease in Pao, from 89 + 4 mm Hg to 
56 + 9 mm Hg at 2.5 h and 64 + 4 mm Hg at the end 
of infusion. The decrease was statistically significant 
(P < 0.01), although there was only a tendency for 
the difference between the values at 2.5 h and at the 
end of infusion. The Paco, values changed from 37 + 
1mm Hg to 54 + 6mm Hg at 2.5 h and 51 + 2mm Hg 
at the end of infusion (P < 0.001 for the differences 
from the baseline). The rectal temperature at the end 
of infusion was 36.7 + 0.4°C as compared with 38.2 + 
0.1°C before infusion (P < 0.001). 


Discussion 


Our experiments demonstrated that during the con- 
stant-rate infusion of morphine, the hypnotic effect 
was not maintained. By 2.5 h after the beginning of 
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the infusion, the righting reflex was lost in all ani- 
mals. By the fifth hour, the incidence of the effect 
began to decline gradually, and by the ninth hour of 
infusion all animals regained the righting reflex. The 
changes in arterial blood gases and body temperature 
during the infusion of morphine were of such mag- 
nitude or direction that they could not contribute to 
the observed decline. 

The decline of the effect despite the constant-rate 
infusion indicates a development of acute tolerance to 
the hypnotic effect of morphine. Morphine brain 
concentration at the recovery of the righting reflex 
during the course of infusion did not decrease com- 
pared with that at the loss of the righting reflex at the 
beginning of the infusion. This suggests that the 
acute tolerance that developed during morphine in- 
fusion does not result from a decrease in brain 
concentration of the drug. Acute tolerance to the 
hypnotic effect of morphine is probably determined 
primarily by pharmacodynamic mechanisms. 

Acute tolerance to the sedative effect of morphine 
has been reported by several authors (7,8). Therefore, 
the development of acute tolerance to the hypnotic 
effect of morphine agrees with the above data on the 
acute tolerance to the morphine sedative effect. 

Thus, acute tolerance is demonstrated to both 
antinociceptive (1,3,4) and hypnotic actions of mor- 
phine. Because both actions represent the basis for 
opioid-induced anesthesia, perhaps acute tolerance 
plays an important role in anesthesia provided with 
the use of opioid drugs. 
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Three doses of ocfentanil (1, 3, and 5 ug/kg), a new 
narcotic, were compared with fentanyl (5 ug/kg) as a 
supplement to general anesthesia. Sixty adult ASA 
I-III patients undergoing elective surgery were stud- 
ied. The drugs were given as a bolus injection during 
induction of anesthesia in a double-blind manner. 
With the stimulus of tracheal intubation, systolic 
arterial blood pressure increased (mean + SE) from 
127 + 6.9 to 183 + 7.4 mm Hg and heart rate 
increased from 82.1 + 4.8 to 104 + 6.4 beats/min in 
patients who had received 1 yug/kg of ocfentanil 
intravenously. In comparison to patients who re- 
ceived 1 g/kg of ocfentanil, the increases in heart 


rate and systolic arterial blood pressure at the time of 
tracheal intubation were less with 3 and 5 yug/kg of 
ocfentanil and 5 yg/kg of fentanyl (P < 0.05). At 
incision, heart rate decreased after the intravenous 
administration of 5 pg/kg of ocfentanil when com- 
pared with patients who received 1 ug/kg of ocfenta- 
nil. There were differences between study groups in 
the mild increase in arterial blood pressure observed 
at incision. The authors conclude that ocfentanil and 
fentanyl appear to be similar in action, with 3 ug/kg 
of ocfentanil being approximately equivalent in effect 
to 5 pg/kg of fentanyl. 

(Anesth Analg 1991;73:622-6) 





cfentanil (A-3217) is a new opioid with the 

chemical name of 1-(2-phenylethyl)-4-[N-(2- 

fluorophenyl)methoxyacetamido] piperidine 
hydrochloride. It is soluble in aqueous media at a pH 
below 7 (pKa 7.82) and the solution used for this 
study had a pH of 5.5. It is stable to moderate heat 
and light. 

Ocfentanil was developed as one of a series of 
potent naloxone-reversible opioids in an attempt to 
obtain an opioid that had better therapeutic indices in 
terms of cardiovascular effects and respiratory de- 
pression than fentanyl. If significant improvements 
were found, then these could be translated into 
intraoperative and postoperative advantages. 

The therapeutic indices were measured by deter- 
mining the effective dose (in 50% of awake rats) and 
comparing it to the dose that would cause 50% 
change in the measured parameter in anesthetized 
rats (Table 1). Depending on the test used, ocfentanil 
was three- to eightfold better than fentanyl for hypo- 
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tension, 3.5- to 8.5-fold better for bradycardia, and 
three- to sevenfold better for respiratory depression 
(data on file, Anaquest). 

Ocfentanil also appeared to offer pharmacody- 
namic advances in terms of duration and hypnotic 
effect. Ocfentanil showed less tendency to accumu- 
late (measured by duration of action) using up to 8 to 
16 times ED» compared with fentanyl. Duration of 
action was comparable to escalating doses of alfenta- 
nil (data on file, Anaquest). This profile was deemed 
desirable in lieu of actual pharmacokinetic data. 

Data obtained in rats suggested a three- to fourfold 
greater separation between hypnotic (loss of righting) 
and analgesic (tail flick) EDs y values for ocfentanil 
than fentanyl or alfentanil (data in file, Anaquest). 
This could possibly allow easier titration to either 
effect. 

A study in human volunteers using up to 3 ug/ke 
showed analgesia and respiratory depression to occur 
with ocfentanil in a dose-related manner (1). The 
analgesic effect was maximal at 6 min (using tibial and 
manubrial algesimetry) and had largely disappeared 
1 h after its administration. Measurements of respi- 
ratory rate showed a maximum decrease at 6 min 
after ocfentanil administration, but the depression 
persisted for longer than analgesia. Arterial CO, 
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Table 1. Therapeutic Indices for Ocfentanil and Fentanyl 
in Rats 


Blood Respiratory 
pressure Heart rate rate 
Analgesic test (mm Hg) (beats/min) (breaths/min) 
Tail flick 
Ocfentanil 22 6.8 5.5 
Fentanyl 0.7 1.9 1.9 
Hot plate 
Ocfentanil 1.6 5.2 4.3 
Fentanyl 0.2 0.6 0.6 


The therapeutic indices are the ratio between the effective dose (in 50% 
of conscious animals) and the dose that will produce a 50% decrease in mean 
arterial , a 50% decrease in heart rate, and a 50% increase in 
end-tidal CO, in isoflurane-anesthetized rats. 


tension increased to a maximum within 5 min and 
showed recovery between 60 and 240 min after ocfen- 
tanil administration. There was considerable varia- 
tion in the concentration response relationship after 
30 min. 

This study was designed to determine the efficacy 
of ocfentanil and to compare its potency to fentany! 
when used as a supplement to general anesthesia. 


Methods 


After Human Investigation Committee approval had 
been obtained, 60 ASA physical status II patients 
between 18 and 65 yr of age and scheduled for 
elective surgery gave written informed consent be- 
fore participation. Patients were randomly allocated 
to one of four groups: ocfentanil, 1 ug/kg; ocfentanil, 
3 we/kg; ocfentanil, 5 ug/kg; and fentanyl, 5 pg/kg. 
Ocfentanil (1 g/kg) was chosen as it has been shown 
that this dose caused effective analgesia in volunteers 
(1). Ocfentanil (3 ng/kg) produced a greater analgesic 
effect with associated respiratory depression (1). Pa- 
tients were premedicated with 5-10 mg of diazepam 
orally 1 h before operation and with 10 mg of meto- 
clopramide and 150 mg of ranitidine orally 2 h before 
operation. 

Lactated Ringer’s solution was infused and stan- 
dard monitoring techniques (i.e., automated blood 
pressure cuff [Dinamap], electrocardiogram, pulse 
oximeter, and precordial stethoscope) were used. The 
test drug solution (ocfentanil or fentanyl) was admin- 
istered intravenously in a double-blind fashion 1 min 
before induction of anesthesia with 2 mg/kg of thio- 
pental over 30 s followed by 50 mg every 15 s until the 
lash reflex was abolished. Neuromuscular block was 
accomplished with 0.1 mg/kg of vecuronium before 
tracheal intubation, after which mechanical ventila- 
tion with oxygen (33%) and nitrous oxide (67%) was 
begun. End-tidal CO, tension was maintained be- 
tween 30 and 35 mm Hg. 


Hemodynamic variables were recorded every 
minute for the first 20 min after anesthetic induction, 
for the first 5 min after surgical incision, and every 
5 min thereafter. Isoflurane was administered when 
heart rate or arterial blood pressure increased to more 
than 20% above preinduction values after the initial 
cardiovascular effects of tracheal] intubation had sub- 
sided. 

Statistical analysis included repeated measures 
analysis of variance with Bonferroni t-test and Stu- 
dent’s f-test as appropriate. Statistical significance 
was taken as P < 0.05. Results are expressed as the 
mean + SE. 


Results 


Sixty patients were divided into four groups of 15 
each. There were no significant differences among 


. any of the groups with respect to weight (75.8 + 


1.9 kg). The group receiving 1 pg/kg of ocfentanil 
(age, 49.4 + 3.6 yr) was significantly older than the 
group receiving 3 pg/kg of ocfentanil (age, 39.3 + 
3.2 yr). There were no statistically significant differ- 
ences in the thiopental anesthetic induction doses 
(milligrams per kilogram) or in the times to initiating 
isoflurane administration among any of the groups 
(Table 2). 

At the time of tracheal intubation, the magnitude 
of changes in heart rate and arterial blood pressure 
were inversely related to the dose of ocfentanil. There 
were significant differences between groups (F = 
12.62, P < 0.01) and with time (F = 37.79, P < 0.01) 
for systolic blood pressure, and between groups (F = 
4.58, P < 0.01) and with time (F = 31.34, P < 0.01) for 
heart rate. Ocfentanil (1 wg/kg) was associated with a 
higher systolic blood pressure immediately before 
laryngoscopy and throughout the first 5 min after 
tracheal intubation compared with the other doses of 
ocfentanil and fentanyl. The 1 ug/kg dose of ocfenta- 
nil was also associated with a higher heart rate than 
the 5 ug/kg dose (Figures 1 and 2). 

At the time of skin incision, changes in heart rate 
and arterial blood pressure were less than those after 
tracheal intubation. Differences in heart rate were 
evident between the groups (F = 3.73, P < 0.02), 
although not with time (F = 0.24, P < 0.95). The 
5 pg/kg dose of ocfentanil was associated with a 
lower heart rate than the 1 ug/kg dose. Although 
systolic blood pressure showed a difference over time 
(F = 12.9, P < 0.01), there were no differences 
between groups (F = 0.68, P < 0.58) (Figures 3 and 4). 


Discussion 


Opioid analgesics reduce anesthetic requirements 
and blunt the cardiovascular response to tracheal in- 
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Table 2. Effect of Ocfentanil and Fentanyl on Anesthetic Requirements 


Ocfentanil 
(1 g/kg) 
Thiopental dose (mg/kg) 3.2 + 0.34 
Time to beginning isoflurane 19.0 £81 
administration (min) 


Data are mean + SE. 
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Ocfentanil Ocfentanil Fentanyl 
(S mg/kg) (5 pg/kg) (5 g/kg) 
2.9 + 0.21 2.6 + 0.21 3.0 + 0.20 
27,5 + 6.1 29.3 + 4.9 20.7 + 5.4 





Before 1 2 3 4 5 


laryngoscopy Minutes after tracheal intubation 


Figure 1. Systolic arterial blood pressure just before laryngoscopy 
and in the first 5 min after tracheal intubation with three different 
doses of ocfentanil and one dose of fentanyl. Data are mean + sE. 
*P < 0.05 compared with all other groups. tP < 0.05 compared 
with 5 ype/kg of ocfentanil. f+ , 1 ueg/kg of ocfentani; EE- , 
3 ugkg of ocfentanil; -@ , 5 ug/kg of ocfentanil; -®- , 5 ug/kg of 
fentanyl. 


tubation and skin incision (2). In animals, ocfentanil 
has the properties of an opioid drug (data on file, 
Anaquest). It is, however, difficult to extrapolate data 
obtained from animals to humans as species differ- 
ences exist in both the sensitivity (3) and pharmaco- 
dynamic effects (4) of opioids. Furthermore, the 
methods of assessing analgesia are not the same in 
animals and humans. Commonly used methods of 
directly assessing analgesia in animals are with the 
hot plate and tail flick responses in rats (5). Direct 
methods in humans include dolorimetry (6-8), tour- 
niquet ischemia time (9), and tibial (1,8) and manu- 
brial (1) algesimetry. Placebo responses, which do not 
occur in animal experiments, complicate these hu- 
man experiments. It is therefore more difficult to 
measure analgesic efficacy in humans by these direct 
methods. Indirect methods of determining analgesic 
efficacy and potency in humans (i.e., bypassing the 
subjective description of pain and investigating a 
physiologically mediated, pain-induced response) in- 
clude the effect of the analgesics on the minimum 


Before 1 2 3 4 5 
laryngoscopy Minutes after tracheal intubation 


Figure 2. Heart rate just before laryngoscopy and in the first 5 min 
after tracheal intubation with three different doses of ocfentanil 
and one dose of fentanyl. Data are mean + se. *P < 0.05 compared 
with 5 g of ocfentanil.  , 1 ug/kg of ocfentanil; , 
: g/kg of ocfentanil; ~~ , 5 ug/kg of ocfentanil; -© , 5 pg/kg of 
entanyl. 


alveolar concentration of volatile anesthetics that will 
suppress movement to noxious stimulation and the 
interaction of analgesics with the cardiovascular re- 
sponses to noxious stimuli. 

Administering fentanyl before induction of anes- 
thesia allows a smaller dose of thiopental to be used 
to achieve loss of consciousness (10,11). In one study, 
administering 5 we/kg of fentanyl 3 min before induc- 
tion of anesthesia resulted in loss of consciousness 
after 1.7 + 0.33 mg/kg of thiopental had been given 
(10). In our study, when induction of anesthesia 
began 1 min after giving 5 ug/kg of fentanyl, a 
thiopental dose of 3.0 + 0.20 mg/kg was required for 
loss of consciousness. This difference is probably 
explained by the shorter interval between adminis- 
tering fentanyl and thiopental. Also, the size of the 
incremental doses of thiopental and the time intervals 
between them (25 mg every 30 s in the study by 
Bowdle and Ward [10] and 50 mg every 15 s in our 
study) may contribute to the differences in thiopental 
requirements. Although our study suggested a dose- 
related reduction in thiopental requirements with 
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Before 1 2 3 4 5 
Incision Minutes after Incision 


Figure 3. Systolic arterial blood pressure just before skin incision 
and in the first 5 min after incision with three different doses of 
ocfentanil and one dose of fentanyl. Data are mean + sE. Œ}, 
1 ug/kg of ocfentanil; W- , 3 ue/kg of ocfentanil; -@ , 5 ng/kg of 
ocfentanil; -© , 5 ug/kg of fentanyl. 





Before 1 2 3 4 5 


incision Minutes after Incision 


Figure 4. Heart rate just before skin incision and in the first 5 min 
after incision with three different doses of ocfentanil and one dose 
of fentanyl. Data are mean + sz. *P < 0.05 compared with 1 pg/kg 
of ocfentanil. + , 1 ug/kg of ocfentanil; W- , 3 ug/kg of 
ocfentanil; -@, 5 ug/kg of ocfentanil; -®- , 5 ug/kg of fentanyl. 


ocfentanil, the differences were not statistically sig- 
nificant. It is not possible to draw any conclusions 
therefore about the potency of ocfentanil in relation 
to fentanyl from our study. — 

The hemodynamic responses to tracheal intuba- 
tion are reduced by opioids given in doses compara- 
ble to those used in our study (10,12). In another 
study, control of heart rate responses to laryngoscopy 


FLETCHER ET AL. 625 
OCFENTANIL AND FENTANYL 


and tracheal intubation required a considerably 
higher dose of fentanyl than we used (13). In regard 
to obtundation of the cardiovascular effects of laryn- 
goscopy and tracheal intubation, the effects of 
3 pg/kg of ocfentanil appeared similar to those ‘of 
5 ug/kg of fentanyl (Figures 1 and 2). One microgram 
per kilogram of ocfentanil represents an inadequate 
dose in terms of hemodynamic responses to laryn- 
goscopy as the mean systolic blood pressure in- 
creased to greater than 170 mm Hg. i 

By the time of skin incision, our patients were 
under more stable conditions of anesthesia, including 
isoflurane. Thus, it is difficult to make direct compar- 
isons between fentanyl and ocfentanil under these 
conditions. Heart rate was lower with 5 pg/kg of 
ocfentanil than with 1 pg/kg of ocfentanil, demon- 
strating the increased duration and efficacy of the 
increased dose. 

To assess opioid efficacy in this study, we used the 
dose requirement of thiopental, the time to starting 
isoflurane, and hemodynamic responses as our mea- 
sures of efficacy. Using similar methodology with 
another opioid, pentamorphone, we were able to 
demonstrate clear dose-response relationships ‘for 
thiopental and isoflurane requirements (14). In this 
study, we were unable to do so, and the reasons for 
this are unclear. A 5 ug/kg dose of ocfentanil is better 
than a 1 ug/kg dose at suppressing hemodynamic 
responses, yet it did not reduce the thiopental re- 
quirement. The onset of analgesia with ocfentanil 
may be slower than with pentamorphone (or fenta- 
nyl) and if we had waited longer before administering 
thiopental, a significant relationship may have been 
demonstrated. 

From this study it is impossible to determine an 
exact potency relationship between ocfentanil and 
fentanyl. We have demonstrated that 1 pg/kg of 
ocfentanil is an inadequate dose to suppress hemo- 
dynamic responses to tracheal intubation. A 3 yug/kg 
dose of ocfentanil represents approximate pharmaco- 
dynamic equivalency with 5 ug/kg of fentanyl. In this 
study, we were unable to demonstrate any obvious 
advantage of ocfentanil over fentanyl. 
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Visual Assessment of Train-of-Four and Double Burst- 
Induced Fade at Submaximal Stimulating Currents 


Sorin J. Brull, MD, and David G. Silverman, MD 
Department of Anesthesiology, Yale University School of Medicine, New Haven, Connecticut 


The influence of current intensity on visual assess- 
ment of fade in response to train-of-four (TOF) and 
two modes of double-burst stimulation (DBS) was 
determined to assess the utility of low-current neu- 
rostimulation. Each of 150 sets of assessments (in 51 
atta included a mechanographic TOF at 60 mA 

lowed by visual assessments of TOF, DBS, 3 (two 
minitetanic bursts of three stimuli each), and DBS, 2 
(a burst of three followed by a burst of two impulses) 
at 20, 30, 50, and 60 mA in random order. For the 
range of mechanographic TOF ratios between 0.41 
and 0.70, visual assessment. of TOF fade failed to 
identify fade in 33%, 36%, 44%, and 58% of cases at 
20, 30, 50, and 60 mA, respectively. Corresponding 
false-negative rates for DBS, were 11%, 17%, 36%, 


echanographic assessment of the response 

to train-of-four (TOF) stimulation is used to 

determine magnitude of neuromuscular 
blockade. In clinical practice, however, anesthesiolo- 
gists often rely on visual assessment of response to 
TOF. One limitation is that such assessment often 
misses significant degrees of fade (1-6). This limita- 
tion partially has been overcome by the increased 
sensitivity afforded by double-burst stimulation 
(DBS) (7-9). 

Testing with submaximal stimulating currents may 
be preferable, primarily because they are associated 
with less discomfort than supramaximal currents 
(10). The consistency of mechanographic TOF and 
DBS fade has been documented over a wide range of 
stimulating currents (11,12). The present study was 
undertaken to define the accuracy of visual assess- 
ment of TOF- and DBS-induced fade at stimulating 
_ currents of 20, 30, 50, and 60 mA. For reasons of 

completeness and because both modes are used 
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and 33%, and for DBS, , they Were 6%, 6%, 17%, and 
28%. Within each method, P < 0.05 (by Mantel- 
Haenszel analysis) for a linear trend of increasing 
accuracy as current decreased. For the range between 
0.41 and 0.70, quantitative assessment overestimated 
the actual ratio at all currents for TOF, at 30, 50, and 
60 mA for DBS; 3, and at 50 and 60 mA for DBS, . 
(P < 0.05 by Wilcoxon signed rank test). At each 
current tested, DBS was more sensitive in detecting 
fade visually than TOF. The accuracy of visual fade 
detection was not influenced significantly by level of 
observer training. In conclusion, visual assessment of 
fade by novice and expert observers is improved by 
testing at low currents. 

(Anesth Analg 1991;73:627-32) 


clinically, DBS, (a minitetanic burst consisting of 
three impulses, followed 750 ms later by an identi- 
cal burst) and DBS, (for which the second burst 
consisted of only two impulses) were evaluated in 
the present study. In addition to the qualitative 
assessment as to presence or absence of fade, observ- 
ers also quantified the degree of such fade. This 
provided a better appreciation of the shortcomings 
of nonmechanographic assessment of neuromuscular 
fade. 


Methods 


Béfore initiating the clinical study, the outputs of a 
DualStim Plus (Professional Instruments, Houston, 
Tex.) and a Myotest nerve stimulator (Bidmeter, 
Copenhagen, Denmark) were tested with an inter- 
faced oscilloscope to confirm consistency of current 
output at varying resistances and accuracy of dial 
settings. 

After institutional investigational review board ap- 
proval had been obtained, data were collected on 51 
consenting ASA physical status I-III patients under- 
going general endotracheal anesthesia. Patients 
ranged in age from 18 to 80 yr, were within 50% of 
their ideal body weight, and were free of known 
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neuromuscular disease. For all neuromuscular mon- 
itoring, the ulnar nerve was stimulated via cutaneous 
electrodes (‘“Huggables” Infant Monitoring Elec- 
trode, Medtronic/AMI, Haverhill, Mass.) placed with 
the positive electrode over the olecranon groove and 
the negative electrode on the distal volar forearm. 

Train-of-four stimulation with square-wave impulses 
of 200-us duration was provided by a DualStim Plus. 

DBS; 3 and DBS,» stimulation with square-wave im- 
pulses of 200-4s duration at 50 Hz were delivered by 
a Myotest nerve stimulator. Thumb adduction in 
response to all neurostimulation was quantified with 
an adductor pollicis force transducer that was inter- 
faced to a monitor/strip chart recorder. 

Anesthesia was induced with 3-6 mg/Kg of thio- 
pental, 1-2 ug/kg of fentanyl, and 0.01-0:04 mg/kg of 
midazolam administered intravenously. Tracheal in- 
tubation was facilitated with intravenous succinyl- 
choline (1-1:5 mg/kg), and anesthesia was maintained 
with 0.25%—1.25% end-tidal isoflurane and 66% nitrous 
oxide in oxvgen. After return of neuromuscular func- 
tion was documented, 0.5-1.5 mg of vecuronium was 
administered intravenously. A continuous infusion of 
vecuronium (0.1-1.5 ug:kg~'-min™*) was started to 
achieve a stable degree of neuromuscular blockade. 
Once the TOF ratio varied by less than 10% over a 
10-min period, a mechanographic recording of the TOF 
was obtained at supramaximal (60-70 mA) current (and 
was repeated at the end of the testing sequence) to 
ensure consistency of the depth of blockade. The 
thumb then was removed from the ring of the adductor 
pollicis force transducer and an observer, blinded to the 
presence or degree of neuromuscular blockade, was 
asked to evaluate visually the presence of fade in 
response to TOF, DBS; 3, and DBS, >. The 150 observers 
participating iri the evaluation were medical students, 
anesthesia residents, and faculty: None of the observ- 
ers participated in evaluation of the same patient more 
than once. In addition to qualitative assessments, if the 
observer reported presence of fade, then he or she was 
asked to estimate the TOF and DBS ratios to the nearest 
5%. For each method of neurostimulation (TOF, 
DBS; >, and DBS; ), each observer was asked to eval- 
uate responses to currents of 20, 30, 50, and 60 mA. 
These currents were obtained by adjusting the stimu- 
lator’s calibrated rheostat. The 12 determinations were 
perfarmed by each observer at 20-s intervals in random 

ence in the presence of one of the investigators 
(S.J.B.), such that a total of 1800 assessments were 
recorded. 

Each of the 150 sets of assessments was assigned to 
one of four subgroups based on the mechanographic 
TOF ratio: 0.06-0.40, 0.41-0.70, 0.71-0.90, and 0.91- 
1.0. The ability to predict by visual assessment 
whether the mechanographic TOF ratio was above or 
below 0.70 (i.e., qualitative assessment) was deter- 
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mined at each current for TOF, DBS; 3, and DBS, » in 
each of the four subgroups. Intercurrent and inter- 
technique comparisons were performed with X? anal- 
ysis and, for each technique, intercurrent trends were 
assessed by Mantel-Haenszel analysis. 

The ability to assess the TOF ratio quantitatively by 
visual inspection likewise was determined for each 
current of each technique. Within each of the four 
subgroups, the differences between the estimated 
and the actual mechanographic ratios at each current 
were analyzed by Wilcoxon signed rank. test. Differ- 
ences were considered statistically significant at the 
P < 0.05 level for all analyses. 

In addition, at the extremes of current (i.e., 20 and 
60 mA), scattergrams were generated to delineate the 
relationship between visual assessment and the ac- 
tual mechanographic TOF ratio. For each of the 150 
sets of assessments of a given technique at a given 
current, the accuracy of fade assessment was delin- 
eated by dividing each scattergram into four quad- 
rants: 


I. Failure to detect mechanographic ratio <0.70 
(false negative) 
Il. Correct identification of TOF = 0.70 (true neg- 
- ative) 
I. Correct identification of TOF < 0.70 (true pos- 
_ itive) 
IV. Incorrect assessment of TOF = 0.70 (false pos- 
itive) 
_ To delineate the influence of assessors’ experience 
on the accuracy of fade detection, data also were 
grouped according to the assessors’ level of training; 
the “novice” group (n = 79) included medical stu- 
dents, interns, and residents in their first or second 
year of clinical anesthesia training. The “expert” 
group (n = 71) included residents in their third and 
fourth year of training and anesthesia attendings, all 
of whom had used nerve stimulators in their daily 
practice for at least 3 yr. Differences in the ability to 
identify fade were analyzed by x test. 


Results ‘ 


There was a high incidence of failure to detect fade by 
visual assessment in the critical range of mechano- 
graphic ratios between 0.41 arid 0.70 (Figure 1). For 
each technique, there was a significant linear trend 
between stimulating current and incidence of false- 
negative assessments. In the three remaining sub- 
groups, there were no significant intertechnique or 
intercurrent differences with respect to the ability to 
visually categorize TOF and DBS ratios as either more 
than or less than 0.70. Among the techniques, the 
sensitivity of DBS; to detect fade was greater than 
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Figure 1. Failure to detect fade when the mechanographic train- 
of-four ratio is between 0.41 and 0.70 for the three techniques at 
each of four stimulating currents. For each technique, there was a 
direct linear relationship between current intensity and false- 
negative rates. Significant intercurrent differences were noted for 
20 vs 50 mA and for 20 vs 60 mA of DBS, , and for 20 vs 60 mA and 
for 30 vs 60 mA of DBS, ». 


that of TOF at all currents tested (P < 0.05); there 
were no differences in the sensitivities among the 
two DBS techniques at any of the stimulating currents 
(P = NS). 

Figure 2 illustrates the overestimation of the actual 
ratio when assessed visually, especially at higher 
stimulating currents. The degree of overestimation 
within the four subgroups is detailed in Table 1. It 
was most pronounced with TOF at high currents and 
least evident with DBS, z. 

The individual relationships between the visual 
estimation of the degree of fade and the actual 
mechanographic TOF ratio are illustrated in Figures 






Figure 2. Comparison of visual estimates of fade to the 
mechanographic (actual) ratio for data sets with mech- 
anographic ratios < 0.70. Quantitative estimations by 
visual means significantly overestimated the actual ratio 
(shown as the unshaded bar) at all currents for train-of- 
four, at currents of 30, 50, and 60 mA for DBS, , and at 
50 and 60 mA for DBS, 3. 
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3-5. For TOF, mechanographic values as low as 0.10 
and 0.14 were estimated to be more than 0.70 by 
visual assessment at 20 and 60 mA, respectively. For 
DBS; 3, mechanographic values as low as 0.08 and 
0.14 were estimated to be more than 0.70 by visual 
assessment at 20 and 60 mA, respectively. For DBS, », 
mechanographic values as low as 0.08 and 0.10 were 
estimated to be more than 0.70 by visual assessment 
at 20 and 60 mA, respectively. 

There were no significant differences in the ability 
of novice (n = 948) and expert (n = 852) assessors to 
correctly predict the TOF ratio by visual means (Fig- 
ures 3-5; Table 2). 


Discussion 


The present study documents that the ability to 
detect fade by visual inspection is not compromised 
by assessment performed with low stimulating cur- 
rents. Qualitatively, there actually was a significant 
inverse linear relationship between stimulating cur- 
rent and ability to identify fade. Quantitatively, the 
degree of overestimation of the actual ratio was less 
when estimates were based on assessment at low 
current. As did other investigators (7,8), we found 
that DBS-induced fade was detected more reliably 
than that induced by TOF. DBS;, was the most 
sensitive, but it also was associated with a relatively 
high incidence of falsely suggesting fade even when 
the mechanographic TOF ratio was more than 0.90. 
This is attributable to the artificially induced “fade” of 
DBS; as a result of the shorter duration of the 
second burst. 

Yet, visual assessment at any current is not neces- 
sarily a reliable substitute for mechanographic mea- 
surements. Consistent with previous investigations 
(1,6-8), visual assessment at 60 mA failed to identify 


ACTUAL TOF 
VISUAL @ 20 mA 
VISUAL @ 30 mA 
VISUAL @ 50 mA 
VISUAL @ 60 mA 
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VISUAL ESTIMATION OF D2/D1 6 60 mA. > VISUAL ESTIMATION OF D2/D1 @20 mA 





l 0.0 0.2 04 0.6 0.8 1.0 1.2 
B MECHANOGRAPHIC T4/T1 RATIO 
Figure 4. Scattergrams of visual estimations of the DBS, , D2/D1 


ratio v8 mechanographic T4/T1. (A) Visual estimation at 20 mA; 
(B) visual estimation at 60 mA. 
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VISUAL ESTIMATION OF D2/D1 @ 20 mA- 
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Figure 5. Scattei of visual estimations of the DBS; , D2/D1 
ratios vs mechanographic T4/T1. (A) Visual estimation at 20 mA; 
(B) visual estimation at 60 mA. 


1 & VISUAL ESTIMATION .OF D2/D1 @ 60 mA 


Table 2. Sensitivity (%) of Visual Assessment to Train-of-Four Ratio < 0.70 


TOF DBS, 3 DBS; 2. 
20mA 30mA 50mA 60mA 20 mA 3mA 50mA mA 2mA B3mA 50mA 60mA 
Actual ratio 
0.06-0.40 
Expert 97 100 100 94 100 100 100 100 100 97 100 97 
Novice 90 90 93 88 93 95 100 98 95 95 98 98 
Actual ratio 
0.41-0.70 
Expert 65 76 65 47 88 100 82 65 88 88 76 71 
Novice 68 53 47 37 100 89 84 80 89 80 53 63 


TOF, train-of-four; DBS, 5, double-burst sarang with three impulses which are repeated after 750 ms; DBS, 2. double-burst stimulation with three 


impulses which are followed by two impulses after 750 ms. 
Ability to identify fade cpanel to assessor's experience: expert group consists of assessors with 2:3 yr experience, novice group consists of assessors with 
<3 yr experience in clinical anesthesia 
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criteria whenever feasible. The range of blockade 
between 0.71 and 0.90 posed an interesting problem 
in that it represents mechanographic TOF fade that 
may or may not be clinically significant. Although 
few would argue that a TOF ratio less than 0.70 
constitutes significant fade, debate exists as to 
whether a TOF ratio more than 0.70 necessarily 
indicates adequate neuromuscular function (13). 
Hence, a “false” reporting of presence of fade when 
the mechanographic TOF is more than 0.70 (as tends 
to occur with DBS, 2) does not necessarily represent a 
clinical shortcoming. 

In conclusion, the use of low current may be 
preferable when neurostimulation is employed to 
evaluate neuromuscular blockade. In addition to 
causing less discomfort, low current does not com- 
promise and actually may improve visual detection of 
fade regardless of the assessor's level of training. 
However, the caveat remains that visual assessment 
is not necessarily a reliable indicator of mechano- 
graphic fade. 


We express our gratitude to Rowena Garcia, RN, for her help with 
data acquisition, and Jill Fuggi for preparation of this manuscript. 
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Adrenergic Modulation of Preoperative Anxiety: A 
Comparison of Temazepam, Clonidine, and Timolol 


U. A. Carabine, MB, K. R. Milligan, MD, and J. A. Moore, PhD 
Department of Anaesthetics, The Queen’s University of Belfast and Musgrave Park Hospital, Belfast, Northern Ireland 


To assess the influence of adrenergic Bodinio on 
propan anxiety, we used a randomized, double- 

lind; placebo-controlled trial to compare temazepam, 
clonidine, and timolol as preanesthetic medications in 


patients undergoing minor. „orthopedic surgery. All the 
active treatments resulted in less preoperative anxiety 


than the placebo (control) did. Induction of anesthesia 
was smoother in all the treated patients compared with 
the control group. Recovery was slowest in the 


reoperative sedation and anxiolysis are often 

the main ‘objectives of premedication (1), and 

both involve a number of possible mechanisms 
of action including depression of the reticular activat- 
ing system and activation.of the inhibitdry neuro- 
transmitter yaminobutyric acid. More recent evi- 
dence has also implicated central adrenergic 
receptors (2). Benzodiazepines act predominantly on 
the limbic systèm by activation of aminobutyric acid 
receptors, resulting in anxiolysis and sedation (3) 
with minimal systemic effects. B-Adrenergic blockers 
produce marked anxiolysis in the absence of sedation 
and may be of benefit in ambulatory anesthesia (4). 
The site of action of B-adrenergic blockers is. unclear 
but is thought to be the reticular activating system, 
although the reduction in anxiety may be due to 
peripheral blockade. of sympathetically mediated 
symptoms such, a8 palpitations. This interrupts a 
feedback löop that could otherwise perpetuate the 
anxiety (5). a,-Adrenergic agonists have sedative, 
anxiolytic, and analgesic properties (6). Their site 
of action is probably the locus coérulus, although 
a,-receptors have been identified in a number of 
sites within the central nervous system (7). a-Adren- 
ergic agonists, B-adrenergic blockers, and occasion- 
ally, benzodiazepines, have significant cardiovascu- 
Jar effects, but previous studies have demonstrated 
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temazepam and clonidine groups, but there were 
no significant differences between the groups after 
90 min. Cardiovascular changes were most marked in 
the timolol group. Pain scores were lower in the 
temazepam and clonidine series in the early postoper- 
ative period. Neither clonidine nor timolol offers any 
major advantage over temazepam for premedication i in 
these patients. 

(Anesth Analg 1991;73:633-7) 


that these effects are dose-dependent (8-10) and may 
not preclude their use for premedication. 

The aim of this study was to assess and compare 
the three drug groups for their anxiolytic and seda- 
tive properties and for their effect on the induction, 
maintenance, and recovery from a standard general 
anesthetic. 

The recovery from anesthesia was ‘assessed by the 
time to recovery, critical flicker frequency (CFF) (11) 
(an index of cortical activity), and the Treiger test (12) 
(an indicator of depresion: of the central nervous 
system). 


Methods 


After ethical committee approyal and informed pa- 
tients’ consent had been obtàined, fit and healthy 
patients (ASA grade I and II) scheduled for minor 
orthopedic surgery (arthroscopy) under general an- 
esthesia were included in the. study. Patients cur- 
rently: receiving medication or outside the weight 
range of 50-100 kg were excluded. 

During a preoperative visit, arterial blood pressure 
and heart rate were recorded. The visual analogue 
scoring system (VAS) was explained to the patients, 
and a baseline reading for anxiety was recorded using 
a 100-inm scale with completely calm at one extreme 
and worst possible anxiety at the other. Critical flicker 
frequency readings were obtained, and a Treiger test 
was performed. . 

Premedication was administered orally 60-90 min 
preoperatively in a double-blind, randomized fashion 
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and consisted of either 20 mg of temazepam, 0.2 mg 
of clonidine, 10 mg of timolol, or a placebo. No other 
drugs were administered preoperatively. On the pa- 
tient’s arrival in the anesthesia room, sedation was 
assessed by a blinded observer on a three point scale: 
awake, drowsy, or asleep. A second VAS for anxiety 
was completed by the patient. Heart rate, arterial 
blood pressure, and tissue oxygen saturation moni- 
toring were begun using the Hewlett Packard 78354A 
system, with a continuous printout available. Anes- 
thesia was induced intravenously with 2 mg/kg of 
propofol, with increments of 0.5 mg/kg at 10-s inter- 
vals until the patient lost response to verbal com- 
mand. The induction of anesthesia was graded on a 
four-point scale: 1, smooth; 2a, minor movement or 
respiratory upset; 2b, moderate upset; and 3, unac- 
ceptable. Patients breathed spontaneously and were 
given a mixture of 60% nitrous oxide in oxygen 
supplemented by 1%-1.5% isoflurane from a mask 
and a semiclosed circuit system with a fresh gas flow 
of 50 mL-kg~'-min7’. The isoflurane concentration 
was maintained between 1% and 1.5%. At the end of 
the operation, the administration of anesthetics was 
discontinued, and the time to eye opening aod ori- 
entation were recorded. 

In the recovery room, heart rate and cite blood 
pressure were recorded at 5-min intervals for 1 h. 
Postoperative sedation was assessed at 5 and 10 min, 
and patients completed a Treiger test at 30 min and a 
VAS for pain at 15, 30, 60, and 90 min postopera- 
tively. The CFF readings were recorded at 30, 60, and 
9) min. The incidence of nausea, vomiting, and dry 
mouth was noted. . 

Results are shown as the mean + sp for parametric 
data and mean + range for nonparametric data. 
Statistical analysis was by analysis of variance, t-test, 
and y*-test for parametric data and by Kruskall-Wallis 
and Mann-Whitney U test for nonparametric data. 

Statistical significance was accepted at P < 0.05. 


Results 


One hundred patients, divided into four equal groups 
(according to pretreatment given: temazepam, cloni- 
dine, timolol, and placebo), were studied. Demo- 
graphic data were comparable in all four groups, as was 
the duration of anesthesia (Table 1). 

There were no significant differences between the 
four groups in preinduction scores. Although the 
sedative properties of both clonidine and temazepam 
are well documented, only three patients in each of 
these groups were assessed as either drowsy or 
asleep. One patient in the timolol group was drowsy, 
and all the patients in the placebo (control) group 
were awake. No patients were judged to be unable to 
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Table 1. Demographic Data 
l Temazepam Clonidine Timolol Placebo 
Age (yr) 32 + 10 32+8  32+10 30+8 
Weight (kg) 77.6+4 11 75.8+11 74.6 +12 74.9 + 13 
Sex (M/F 20/5 19/6 18/7 18/7 
Duration (min) 45+ 8 42+11 4+9 42412 


Values are mean + sD. 
“Number of male and female patients. 


Table 2. Anxiety Scores Before and After Premedication 


Before After 
Temazepam 30 (5-84) 26 (1-65)* 
Clonidine 25 (3-92) 24 (4-61) 
Timolol 28 (7-92) 30 (24-1007 
Placebo 29 (4-81) 66 (29-100) 
Values are mean (range). 
*P < 0.05 compared with placebo. 


complete VAS scores owing to their sedated condi- 
tion. 

Baseline anxiety scores were similar for all groups. 
After premedication, all the active treatments 
(temazepam, clonidine, timolol) produced signifi- 
cantly lower scores than the inert treatment (placebo) 
did (P < 0.01); however, the scores were not signifi- 
cantly reduced compared with pretreatment values 
(Table 2). There were no significant differences be- 
tween the groups given active treatments. 

The requirements for propofol were significantly 
reduced in all active treatment groups compared with 
the inert treatment (temazepam, 2.2 + 0.3 mg/kg; 
clonidine, 2.2 + 0.3 mg/kg; timolol, 2.2 + 0.4 mg/kg; 
placebo, 2.8 + 0.7 mg/kg), and differences between 
the treated groups did not reach significant levels. 

Patients in the active-treatment groups had a sig- 
nificantly smoother induction of anesthesia com- 
pared with the placebo group. In the clonidine group, 
all the inductions were graded as either 1 or 2a. Four 
patients in the placebo group had grade 3 induction, 
with one patient requiring muscle relaxation and 
endotracheal intubation to maintain airway control. 
All the inductions graded as 2b or 3 were on the basis 
of breath-holding and respiratory difficulties (Table 
3). 

Preoperative cardiovascular readings were similar 
in all the groups. Compared with baseline values, 
mean arterial pressure was significantly less only in 
the timolol group during the period before skin 
incision. However, on between-group analysis, there 
were no significant differences in any of the groups, 
and no patients required treatment for clinical hypo- 
tension (Table 4). 

Compared with both baseline values and on be- 
tween-group analysis, heart rate was also signifi- 
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Table 3. Induction Grades 


Number of patients 
Grade Temazepam Clonidine Timolol Placebo 
1 13 11 16 6 
2a 10 14 5 8 
2b 2 0 4 7S 
3 0 0 0 4* 
“P < 0.05 compared with other groups. 
Table 4. Mean Arterial Blood Pressure Readings 
Temazepam Clonidine Timolol Placebo 
Preinduction 87 + 12 89+15 88+14 8+9 
+5 Min 83 + 15 82 +14 71+16 8+12 
+10 Min 84 + 16 84212 71+12% 812412 
Skin incision 90 + 15 84+15 80+11 82 + 11 
+10 Min 90 + 14 8&8 t12 8&2 82 + 11 
+20 Min 87 + 11 856 +12 83+12 82+ 10 
Recovery 93 + 10 87 +9 86+10 829 


Values are given in millimeters of mercury and are mean + sp. 
‘P < 0.05 compared with preinduction values. 


Table 5. Heart Rate Readings 


Temazepam Clonidine Timolol Placebo 
Preinduction 75 £ 12 74+11 7510 DEL 
+5 Min 7511 BEER G21? MER 
+10 Min 79413 69 +14 62+10 71 #15 
Skin incision 75 +13 71415 64+ 10 72 + 13 
+10 Min 70 + 13 70+13 6+1 69 + 14 
+20 Min 69 + 11 69+13 64+ 14 69 + 10 
Recovery 73 +9 70 + 8 70 + 10 70 + 8 


Values are given in beats per minute and are mean + sD. 
“P < 0.05 compared with preinduction values. 
èP < 0,05 compared with other groups. 


cantly lower in the timolol group during the period 
after induction and before skin incision. Four patients 
(two in the timolol group and one in each of the 
temazepam and clonidine groups) (Table 5) required 
intravenous atropine for a heart rate of less than 
45 beats/min. 

Tissue oxygen saturation readings were within 
normal limits in all the patients, and there were no 
differences between the groups. 

Sedation scores 5 min postoperatively were similar 
in all four groups, with 60%, 62%, 58%, and 56% of 
patients being sedated in the temazepam, clonidine, 
timolol, and placebo groups, respectively. However, 
at 10 min, the clonidine group had a significantly 
higher number of sedated patients (28%) compared 
with 12%-16% in the other groups. 

The time to recovery, recorded as the time to eye 
opening and orientation, was significantly shorter in 
the timolol and placebo groups compared with that of 
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Table 6. Postoperative Recovery Time and Critical 
Flicker Frequency 


Temazepam Clonidine Timolol Placebo 

Eye opening 9.0+3 104£3 79+38% 8144 
(min) 

Orientation 1293 128+3 10.3 +3? 106+ 4°? 
(min) 

CFF at 30 min -2543 -34+3 -06+%" -2.0+3 
(Hz) 

CFF at60 min -2.1+3 —-3.39+3 -LI+2% -25+3 
(Hz) 


CFF, critical flicker frequency is given as maximum change from baseline 
values. 

Values are mean + SD. 

‘P < 0.05 compared with clonidine. 

ÞP < 0.05 compared with temazepam. 


Table 7. Visual Analogue Scoring System Scores for 
Pain Postoperatively 


Temazepam Clonidine Timolol Placebo 
15 Min 31 (0-62)* 34 (0-75)* 48 (1-89) 54 (4-99) 
30 Min 32 (1-74)* 34 (I-78) 44 (0-80) 47 (7-80) 
60 Min 28 (1-70) 30 (1-68) 31 (4-69) 34 (2-74) 
90 Min 26 (1-59) 27 (C-76) 29 (4-65) 30 (1-68) 


Values are mean (range). 
*P < 0.05 compared with timolol and placebo groups. 


the temazepam and clonidine groups (P < 0.05). 
There were no significant differences between the 
clonidine and temazepam groups (Table 6). 

On assessment of the change from baseline in the 
CFF readings at 30 min, both the clonidine and 
temazepam groups had significant increases com- 
pared with that of the timolol group. At 60 min, there 
was only a difference between the clonidine and 
timolol groups. By 90 min, there were no differences 
between the groups (Table 6). There were no signif- 
icant differences among the groups in the Treiger test 
either preoperatively or postoperatively. 

At 15 and 30 min, the temazepam and clonidine 
groups had lower VAS scores for pain. By 60 min, 
there were no significant differences among the 
groups (Table 7). The number of patients requesting 
analgesia postoperatively was similar in the four 
groups (six in the temazepam and clonidine groups, 
seven in the timolol group, and eight in the placebo 
group). 

The incidence of emetic symptoms was low with 
only one patient in each of the clonidine, timolol, and 
placebo groups, and two in the temazepam group. 
The differences were not significant. 

In the clonidine group, four patients complained 
of a dry mouth preoperatively that persisted into the 
recovery period. Four patients in the timolol group 
and five in the placebo group became emotionally 
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disinhibited in the recovery room, a phenomenon 
previously described with propofol anesthesia (13). 
This did not occur in the clonidine and temazepam 
groups. There were no other significant side effects. 


Discussion 


The choice of doses in this study was based on a 
number of factors. Temazepam, 20 mg, is accepted as 
satisfactory premedication for minor surgery and 
clonidine, ‘0.2 mg, produces marked anxiolysis with 
minimal cardiovascular disturbance (14). Timolol, 
10 mg, provides anxiolysis without significant hy- 
potensive effects (4). The onset of action of all three 
oral preparations occurs between 60 and 90 min, with 
all three preparations having a half-life in plasma of 
longer than 3 h. The plasma concentrations of the 
active drugs should, therefore, have been within the 
therapeutic limits during the study period. 

Compared with the placebo, all three active treat- 
ments resulted in less anxiety in the preinduction 
period, and there were no significant differences 
between the active treatment groups. The sedative 
properties of clonidine and temazepam have been 
well documented by other workers (15,16); but in this 
study, there were no differences between the active 
and inert treatments. The reason is unclear but may 
be due to the fact that all the patients were fit and 
healthy and tended to be athletic men who may be 
more resistant to the sedative effects of drugs. Other 
workers have noted a significant decrease in anes- 
thetic requirements with clonidine (17); but in most 
cases, the comparison was with an inert treatment. 
This study agrees that the decrease noted was signif- 
icant compared with the placebo group, but not 
compared with the other active treatments. As ex- 
pected, all subjects in the active-treatment groups 
had a smoother induction of anesthesia compared 
with the inert group. Clonidine, by decreasing central 
sympathetic outflow, reduces arterial blood pressure 
and heart rate by up to 15% in normotensive patients 
(18). Although cardiovascular effects are dose-related 
(19), 0.2 mg of clonidine produces minimal changes 
(14). Here, timolol was the only drug that signifi- 
cantly decreased arterial blood pressure and heart 
rate from preoperative values, although there were 
no significant differences among the groups and 
there was no clinical hypotension. Many of the pa- 
tients studied were fit athletes with low baseline 
heart rates; and in this population group, a heart rate 
of 45 beats/min may not normally require treatment 
with atropine. 

Timolol resulted in faster recovery of patients in 
the early postoperative period; but by 90 min, there 
was no difference between the groups. The advan- 
tages of this are not marked as even day-case patients 
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are rarely required to be up and about within 90 min. 
Patients receiving clonidine were more sedated post- 
operatively, and the larger degree of sedation was 
reflected in the differences in the CFF readings. 
Critical flicker frequency measures the ability to dis- 
tinguish discrete sensory information and is an index 
of cortical activity (20). The test is a good indicator of 
the action of sedative drugs (21) and has the advan- 
tage over other methods of being easy to administer 
and has little practice effect. After treatment with 
clonidine, readings were slowest to return to baseline 
values. Timolol resulted in a more rapid patient 
recovery than placebo did, which may be a reflection 
of the larger requirements for propofol in the placebo 
group. The Treiger dot test is used as a test of sensory 
motor disturbances, as it may be altered by central 
nervous system depressants (22). Here, none of the 
groups showed marked changes in the recovery 
period compared with baseline values, and there 
were no significant differences between the groups 
despite the slower recovery in the clonidine-treated 
patients. 

Although the analgesic properties of clonidine are 
well documented (23), the VAS scores for pain in this 
group were similar to those in the temazepam group. 
Oral clonidine may not have significant analgesic 
properties compared with the extradural route. The 
dry mouth after oral clonidine pretreatment is a 
dose-related side effect (24) that may render clonidine 
unacceptable for routine premedication. The absence 
of disinhibition in the clonidine and temazepam 
groups may be related to their sedative effects and to 
the longer recovery time. Although clinically it is not 
a disadvantage, it makes the early supervision of 
patients more difficult. 

Although timolol and clonidine may have specific 
indications for use preoperatively, for routine use 
they offer no additional benefits to those obtained 
currently with the benzodiazepines and are unlikely 
to be used widely in the field of premedication. 
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ypocalcemia is recognized by a variety of 

clinical signs and symptoms related to neu- 

romuscular irritability (tetany, muscle spasm, 
weakness), irritability of the respiratory tract (laryn- 
geal spasm, bronchospasm), psychiatric instability 
(anxiety, dementia, psychosis), and cardiovascular 
impairment (hypotension, decreased contractility, 
bradycardia) (1,2). However, many of these signs are 
obscured by general anesthesia (2). As a result, 
cardiovascular insufficiency may be the only observ- 
-able feature of hypocalcemia in anesthetized or unre- 
sponsive critically ill patients (3). 

Although ionized hypocalcemia develops in 15%- 
20% of critically ill patients, it is usually mild (i.e., 
0.80-1.0 mmol/L) and without hemodynamic se- 
quelae (3,4). Nonetheless, hypocalcemia must still 
be considered in the differential diagnosis of hy- 
potensive patients who are refractory to intravenous 
fluid resuscitation and administration of cardio- 
vascularly active drugs. Ionized hypocalcemia ([Ca] 
< 1.0 mmol/L) may result from impaired parathyroid 
hormone secretion, impaired vitamin D synthesis or 
action, calcium precipitation or chelation, and de- 
creased bone calcium mobilization. Patients with re- 
nal insuffidency may be at increased risk for devel- 
oping hypocalcemia because of their impaired ability 
to mobilize skeletal calcium secondary to parathyroid 
hormone or vitamin D deficiency (3). We present two 
patients with renal insufficiency in whom life- 
threatening hypocalcemia complicated their recovery 
from abdominal aortic aneurysm repair. 


Case 1 


An 89-yr-old, 55-kg woman was admitted with a 2-wk 
history of epigastric fullness and sharp lower back 
pain. Her past medical history included 30 yr of 
essential arterial hypertension controlled by chlortha- 
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lidone and reserpine. She had no cardiac or respira- 
tory symptoms, and her only previous surgery was 
for repair of a hip fracture under general anesthesia 
without complications. An 8-cm abdominal aortic 
aneurysm was diagnosed by angiography. 

Laboratory data collected before aneurysmectomy 
included the following values: hematocrit, 34.7%; 
serum creatinine, 168 umol/L (1.9 mg/dL); and blood 
urea nitrogen, 8.9 mmol/L (25 mg/dL) (estimated 
creatinine clearance = 21.0 mL/min based on age, 
weight, and serum creatinine) (5). Serum electrolytes 
and liver function tests were normal. Serum albumin 
was 35 g/L (normal, 32-50 g/L) and total serum 
calcium was 2.25 mmol/L (9.0 mg/dL). The electrocar- 
diogram was remarkable for left ventricular hypertro- 
phy and a prolonged QT interval (480 ms at a rate of 
56 beats/min; the corrected QT interval was 456 ms). 

In the operating room, arterial and pulmonary 
artery catheters were inserted under local anesthe- 
sia. Induction of general anesthesia was accom- 
plished by intravenous fentanyl (20 ug/kg), midazolam 
(0.1 mg/kg), metocurine (0.2 mg/kg), and pancuro- 
nium (0.05 mg/kg). After orotracheal intubation, gen- 
eral anesthesia was maintained with oxygen, air, and 
halothane (0.2%-0.4% end-tidal concentration). Ad- 
ditional incremental doses of intravenous fentanyl 
(50-100 ug) were administered as indicated by heart 
rate or arterial blood pressure. 

Brisk bleeding was encountered during the dissec- 
tion of the extensive infrarenal aneurysm. To correct 
the diminished urine output | and blood loss, dopa- 
mine was infused (2 wg-kg~*+min™*) with 10 U of 
citrated packed red blood cells. In addition, 500 mL of 
5% albumin, 50 mL of 25% albumin, and 8 L of 
lactated Ringer’s solution were infused for intravas- 
cular volume replacement. During the time of aortic 
cross-clamping, analysis of arterial blood with an 
(Fio,) of 0.6 was pHa = 7.36, arterial O, tension 
(Pao,) = 32.9 kPa (247 mm Hg), arterial CO, tension 
(Paco) = 5.2 kPa (39 mm Hg), hematocrit = 37%, 
and ionized calcium = 0.95 mmol/L (normal 1.0- 
1.2 mmol/L). Estimated blood loss at the time of aortic 
unclamping was 7000 mL. After unclamping of the 
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Table 1. Intraoperative Calcium Concentrations and Hemodynamic Disturbances in Patient 1 
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. Ao.X-C l After IV 

Variables Preinduction Postinduction placed removed CaCl, 
Total Ca (mg/dL) 9.0 —— — — — 
Ionized Ca (mmol/L) — 1.13 0.93 0.50 0.81 
Heart rate (beats/min) 80 . 86 80 76 
Blood pressure (mm Hg) 170/90 120/70 150/80 96/60 140/80 
Cardiac output (L/min) — 4.6 3.9 © 33 ' 4.5 
Pulmonary artery occlusion — 18 22 19 


pressure (mm Hg) 


Ca, celcium; Ao X-C, aortic vascular cross-clamp; IV, intravenous. 


aorta, an additional 3-U blood transfusion was re- 
quired over the next 45 min. Despite satisfactory 
analysis of arterial blood gases (pHa = 7.35, Pao, = 
30.9 kPa [232 mm Hg], Paco, = 4.5 kPa [34 mm Hg)), 
arterial blood pressure decreased and became refrac- 
tory to intravenous fluid resuscitation (pulmonary 
artery occlusion pressure = 18-22 mm Hg). A phe- 
nylephrine infusion was required to maintain systolic 
blood pressure >95 mm Hg. Ventricular premature 
contractions were suppressed with a lidocaine infu- 

sion. Repeat laboratory determinations at this time 
revealed hematocrit = 35% and ionized calcium = 
0.50 mmol/L. Intravenous bolus administration of 
CaCl, (250 mg X 3) effectively increased cardiac 
output and arterial blood pressure (Table 1), eliminat- 
ing the need for phenylephrine infusion: Thereafter, 
the arterial blood pressure stabilized at 140/80 mm Hg 
without vasoactive infusions, and the cardiac output 
increased by 30% (Table 1). Calcium levels (0:81 mmol/L 
after CaCl, administration) and hemodynamic variables 
remained stable throughout the remainder of the oper- 
ation, and the patient was taken to the critical care unit 
without further problems. 


Case 2 


A 69-yr-old man with recent onset of moderate renal 
insufficiency, abdominal pain, and a history of an 
abdominal aortic aneurysm was admitted to the hos- 
pital. for evaluation. He had a history of essential 
arterial hypertension for which he was treated with 
clonidine (0.2 mg twice a day). Physical examination 
revealed arterial blood pressure = 190/100 mm Hg 
and heart raté = 100 beats/min. Preoperative labora- 
tory findings included: hemoglobin = = 12.0 g/L, white 
blood cell count = 16,900/mm”, platelet count = 
205,000/mm°, Na = 130 mmol/L, K = 4.5 mmol/L, 
blood urea nitrogen = 32.1 mmol/L (90 mg/dL), 
creatinine = 680 yumol/L (7.7 mg/dL), glucose = 
18.2 mmol/L (328 mg/dL), albumin = 42 g/L, total 
Ca = 2.37 mmol/L (9.5 mg/dL), PO, = 1. 58 mmol/L 
(4.9 mg/dL), and Mg = 1.11 mmol/L (2.7 mg/dL). 


Hlecirocardiogram Tua a anal sinus ilies 
and normal QT interval. He was found: to have an 
enlarging aorti¢ aneurysm and was scheduled for 
aneurysmectomy. 

In the operating room, a aie abdominal aortic 
aneurysm was repaired after induction of general 
anesthesia with intravenous fentanyl. (25 pg/kg), 
vecuronium (0.12 mg/kg), N,O (50%), and isoflurane 
(0.2%-1.0% end-tidal concentration). During | sur- 
gery, brisk blood loss estimated at 3-4 L was replaced 
with 9.L of normal salirie and 6 U of whole blood. The 
patient was transferred to the critical care init with 
his trachea intubated. Analysis of arterial blood gases 
(Fro, = 0.50) disclosed a pHa = 7.25, Pad, =,10.6 kPa 
(80 mm Hg), and Paco, = 5.33 kPa. (40 mm. Hg). 
Thereafter, progressive hypotension (mean arterial 
pressure decreased to 60 mm Hg), oliguria (10 mL/h), 
and metabolic acidosis (pHa = 7. 15-7. 25) developed. 
Cardiac index was 2.0 L-min™!-m~*. Over the next 
several hours, 10. L of normal: saline, 250 mL of 
5% albumin, and 250 mL of blood were adminis- 
tered to improve cardiac preload and urine output. 
Dopamine (initially 2 pg-kg`!min™!) was increased 
to 15 ywg-kg~*-min™’; however, cardiac index 
(2.4 L-min~‘-m~?) and mean arterial blood pressure 
(72 mm Hg) responded poorly. Repeat analysis of 
arterial blood gases (Fro, = 0.5, peak end-expiratory 
pressure = 0 cm H,O) indicated pHa = 7.22, Pao, = 
9.7 kPa (73 mm Hg), and Paco, = 5.9 kPa 
(44 mm Hg). Intravenous sodium. bicarbonate 
(132 mmol over 3 h) was administered to. maintain 
pHa > 7.25. After the last ampule of intravenous 
sodium bicarbonate, the patient.developed bradycar- 
dia progressing to asystole. Resuscitation attempts 
were unsuccessful. Blood ionized calcium (drawn 
anaerobically from an arterial heparinized sample) at 
the time of cardiac arrest. was 0.5 mmol/L. ‘Total 
serum calcium = 1.17 mmol/L (4.7 mg/dL), PO, = 
2.49 mmol/L (7.7 mg/dL), Mg = 1.03 mmol/L 
(2.5 mg/dL), and K = 4.3 mmol/L. Postmortem exam- 


ination demonstrated normal coronary arteries and 
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no evidence of myocardial necrosis. The pancreas 
was edeimatous but not inflamed. . 

Further -laboratory investigations were initiatéd 
from blood samples taken at the time of this cardiac 
arrest. Serum magnesium was normal (1.0 mmol/L) 
and an n-terminal parathyroid hormone. level (from 
plasma obtained just before the arrest) .was 57 pg/mL, 
two to three times normal (11-24 pg/mL). However, a 
calcitriol (1,25-dihydroxyvitamin D) level was unde- 
tectable in the face of a normal calcidiol (25- 


hydroxyvitamin D) level. 
Discussion 


Calcium is required for normal hormonal secretion, 
enzyme activity, blood coagulation, muscle excita- 
tion-contraction coupling, cardiac action potential, 

and cardiac contraction (1,2). The direct measure- 
ment of ionized calcium, the physiologically active and 
regulated fraction, remains the best clinical measure 
of calcium activity in critically ill patients (1,6). Reg- 
ulation of ionized calcium is accomplished through 
the combined effects of parathyroid hormone and 
vitamin D on bone. Parathyroid hormone deficiency 
may result from parathyroid gland injury or suppres- 
sion of parathyroid hormone by hypercalcemia, hy- 
pomagnesemia, hypermagneSemia, or feedback reg- 
tilation by calcitriol (1,25-dihydroxyvitamin D) (2). 

Vitamin D is synthesized in the skin or absorbed by 
the gut. Vitamin D is 25-hydroxylated in the liver and 
then 1-hydroxylated in the kidneys to its most active 
form, calcitriol. Thus, disease of the kidneys or liver 
may impair vitamin D activation and thereby disrupt 
normal calcium homeostasis. We now report the 
occurrence of life-threatening perioperative hypocal- 
cemia associated with renal insufficiency in two pa- 
tients, and documented deficiency of 1,25-dihydroxy- 
vitamin D in one patient. We hypothesize that 
significant renal dysfunction may predispose patients 
to hypocalcemia during acute surgical stress. 

Severe ionized hypocalcemia was noted in our first 
patient approximately 30 min after removal of the 
aortic cross-clamp. Possible causes of the hypocalce- 
mia in this patient include depressed parathyroid 
hormone secretion, decreased 1-hydroxylation of vi- 
tamin D secondary to mild renal insufficiency, cal- 
cium chelation owing to rapid administration of 
albumin or citrated blood, bicarbonate administration 
(increased pHa causing calcium to bind more avidly 
to albumin), and hemodilution owing to infusion 
of calcium-free replacement fluids. Common calcium 
chelators encountered in the operating room are 
citrate (in blood products) and albumin. However, 
massive blood transfusion is generally required 
(>100 mL/min of citrated blood) to cause important 
degrees of hypocalcemia (7). Calcium binding to 
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albumin varies seai between patients (from 0.2 to 
1.2 mg-dL~*-g albumin™’) and no reliable correction 
factor can be calculated for such changes in albumin 
levels. In experimental models, hemodilution alone 
(hematocrit dilutéd from 43% to 14% over 2 h) with 
lactated Ringei’s solution did not result in hypocal- 
cemia (8). This, _ the majority of experimental evi- 
dence suggests that calcium homeostatic mechanisms 
should maintain normal ionized calcium concentra- 
tions despite the documented operative stress. 

Similarly disturbed ionized calcium concentrations 
were encountered in the second patient. He received 
large volumes of calcium-free fluids (9 L of normal 
saline), and chelation to exogenous albumin and 
phosphorus (serum PO, = 7.7 mg/dL) further re- 
duced ionized calcium. Nonetheless, the parathyroid 
hormone concentration indicates an appropriate 
parathyroid secretory résponse to developing hypo- 
calcemia. However, the calcitriol (1,25-dihydroxyvita- 
min D) concentration was undetectable in the face of 
a normal calcidiol (25-hydroxy-vitamin D) concentra- 
tion, presumably secondary to renal failure (because 
the 1-hydroxylase enzyme, which converts calcidiol . 
to calcitriol, is located in renal tissue) (9). This inabil- 
ity to synthesize calcitriol predisposes patients with 
renal failure to ionized hypocalcemia. 

Our data indicate that patients with renal insuffi- 
ciency undergoing aortic aneurysm repair and per- 
haps other surgical procedures may be at high risk for 
developing life-threatening hypocalcemia. The hy- 
pocalcemia results from impaired calcitriol synthesis, 
use of calcium-free fluids, use of chelators such as 
citrated blood and albumin, and use of bicarbonate to 
treat metabolic acidoses. Hypomagnesemia or hyper- 
magnesemia may also contribute to hypocalcemia as 
a result of parathyroid gland suppression. It is im- 
portant to monitor ionized calcium in patients at risk 
for hypocalcemia and to treat life-threatening hypo- 
calcemia. Surgeons and anesthesiologists should be 
aware of the uniquely increased risk for ionized 
hypocalcemia in these patients. 


References 


1. Zaloga GP, Chernow B. Calcium, magnesium, and phosphorus. 
In: Chernow B, Holaday JW, Zaloga GP, Zaritsky AL, eds. The 
pharmacologic approach to the critically ill patient. Baltimore: 
Williams & Wilkins, 1988:603-36. 

2. Prielipp R, Zaloga GP. Calcium action and general! anesthesia. 
In: Stoelting RK, Barash PG, Gallagher TJ, eds. Advances in 
anesthesia. St. Louis: Mosby Year Book, 1991:241~78. 

3. Zaloga GP, Chernow B. Hypocalcemia i in critical illness. JAMA 
1986;256:1924-9. 

4, Desai TK, Carlson RW, Thill-Baharozian M, Geheb MA. A 

' direct relationship between ionized calcium and arterial pres- 
sure among patients in an intensive care unit. Crit Care Med 
1988;16:578-82. 

5. Cockcroft DW, Gault MH. Prediction of creatinine clearance 
from serum creatinine. Nephron 1976;16:31-41. 


ANESTH ANALG 
1991;73:638-41 


6. Zaloga GP, Chernow B, Cook D, Snyder R, Clapper M, O’Brian 
JT. Assessment of calcium homeostasis in the critically ill 
patient: diagnostic pitfalls of the McLean Hastings nomogram. 
Ann Surg 1985;202:587-94. 

7. Bunker JP. Metabolic effects of blood transfusion. Anesthesiol- 
ogy 1966;27:446-53. 


CASE REPORTS 641 


8. Geffin GA, Vasu MA, O'Keefe DD, et al. Ventricular perfor- 
mance and myocardial water content during hemodilution in 
dogs. Am J Physiol 1978;235:H767—75. l 

9. Zaloga GP, Chernow B. The multifactorial basis for hypocalce- 
mia during sepsis: studies of the PTH-vitamin D axis. Ann 
Intern Med 1987;107:36-41. 


Remote Asynergy Detected by Biplane Transesophageal 
Echocardiography During Myocardial Revascularization 
Without Cardiopulmonary Bypass : 


Randall M. Schell, Mp, Pratima M. Shah, Mp, Richard L. Applegate II, Mp, 
Pravin M. Shah, MD, and Carlos A. Schmidt, MD 


Departments of Anesthesiology, Cardiology, and Cardiovascular Surgery, Loma Linda University, 


Loma Linda, California 


n 1935, Tennant and Wiggers (1) demonstrated 

that the mechanical sequelae of acute coronary 

artery occlusion was myocardial muscle length- 
ening rather than shortening during systole. Sub- 
sequently, abnormal left ventricular regional wall 
motion and systolic wall thickening detected echocar- 
diographically have been recognized as peal and 
early indicators of ischemia (2). 

In the paradigm of myocardial ischemia that might 
occur intraoperatively, standard méthods of cardiac 
monitoring (electrocardiographic and hemodynamic) 
are indirect and potentially inaccurate (3). Two- 
dimensional transesophageal echocardiography 
(TEE) has made continuous echocardiographic mon- 
itoring possible throughout an operative procedure 
(4). Moreover, with the recent introduction of biplane 
TEE (5), not only the standard midpapillary short axis 
view but also its corresponding longitudinal cross 
section of the left ventricle may be monitored. De- 
spite these advancements, human echocardiographic 
studies of left ventricular function performed before 
and immediately after acute coronary occlusion have 
been limited to short periods (30-75 s) of ischemia 
during coronary artery balloon angioplasty (6). 

In our Medical Center, myocardial revasculariza- 
tion is selectively performed without cardiopulmo- 
nary bypass (CPB) (7,8). The folowing case demon- 
strates the acute effects of coronary artery occlusion 
(13 min) and reperfusion on ventricular wall kinesis 
as detected by biplane TEE. : 
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Case Report 


A 67-yr-old, 62-kg female patient with a 15-yr history 
of angina but with no documented myocardial infarc- 
tions was scheduled for three-vessel myocardial re- 
vascularization. Physical examination was notable for 
an arterial blood pressure of 200/104 mm Hg and an 
S, heart sound. The electrocardiogram (ECG) showed 
left ventricular hypertrophy with repolarization ab- 
normality. Preoperative coronary angiography dem- 
onstrated a dominant right system with 75% proximal 
left anterior descending artery (LAD) stenosis and. 
100% proximal right coronary artery occlusion with 
extensive collaterals from distal LAD branches (Fig- 
ure 1). The left ventriculogram demonstrated an 
ejection fraction of 0.66 with symmetric contraction. 

The patient was premedicated with morphine sul- 
fate and lorazepam. A 20-gauge radial arterial cathe- 
ter, a five-lead electrocardiogram, and a pulse oxime- 
ter were placed on the patient’s arrival at the 
operating room. Leads II and V; of the ECG were 
continuously monitored. Induction of anesthesia was 
accomplished with the intravenous administration of 
30 ug/kg of fentanyl and inhalation with 2% (mixed 
expired) enflurane through a mask. A pancuronium 
and metocurine combination was given intrave- 
nously to facilitate tracheal intubation with ‘stable 
hemodynamic variables. 

A _5.0-MHz biplane echocardiographic probe 
(ALOKA systems) was positioned in the esophagus 
to obtain cross sections of the left ventricle. The 
transverse plane provided the short axis of the left 
ventricle at the midpapillary muscle level, and the 
longitudinal plane gave a nearly orthogonal cross 
section along the long axis of the left ventricle. Wall 
motion was symmetrical (Figure 2). Anesthesia was 
maintained with fentanyl (50 ug/kg before sternot- 
omy) and enflurane (0.2%-0.75%) titrated to arterial 
blood pressure. A pulmonary artery catheter was 
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Figure 1. Coronary angiogram. Left coronary injection demon- 
strating collateral filling of the posterior descending (PDA) and 
circumflex artery territories. LAD, left anterior descending artery; 
OM, obtuse marginal branch; Diag, diagonal branch. 


introduced through the right internal jugular vein 
(thermodilution cardiac output, 3.4 L/min; pulmo- 
nary artery pressure, 14/7 mm Hg; pulmonary artery 
occlusion pressure, 7 mm Hg). Heparin (10,000 U) 
was given before revascularization without CPB. Ap- 
proximately 20 s after occlusion of the LAD, the 
arterial blood pressure decreased (from 145/80 to 
130/70 mm Hg), heart rate increased (from 80 to 90 
beats/min), and cardiac output decreased (from 3.4 to 
2.5 L/min). The ECG. pulmonary artery pressure, and 
pulmonary artery occlusion pressure did not change. 
However, biplane TEE demonstrated asynergy in- 
volving the posteroseptal, anteroseptal, anteroapical, 
posterobasal, inferior wall, and inferoapical seg- 
ments. The basal and midsegments of the anterior 
wall showed normal motion. Asynergy consisted of 
akinesia in all areas except for dyskinetic apical and 


was titrated to maintain the heart rate between 70 and 
80 beats/min. Myocardial asynergy lasted throughout 
LAD occlusion (13 min) with full recovery of wall 
motion within 3-4 min of reperfusion. Heart rate and 
cardiac output also returned to baseline. Revascular- 
ization of the obtuse marginal and diagonal was 
completed without complications. After complete re- 
vascularization, the cardiac output was 3.5 L/min and 
the pulmonary artery pressure was 16/10 mm Hg. No 
acute changes were observed in lead H or V; of the 
ECG. The trachea was extubated within 11 h; and 
excluding several episodes of supraventricular tachy- 
cardia, the postoperative course was unremarkable, 
The concentration of cardiac isoenzymes was not 
elevated and the ECG was unchanged. The patient 
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Figure 2. Biplane TEE. Transverse (A) and longitudinal (B) planes 
demonstrate symmetrical wall motion before LAD occlusion (con- 
trol). AW, anterior wall; LA, left atrium; LV, left ventricle; PW, 
posterior wall; ---, end systole; —, end diastole. 


was discharged on postoperative day 6 and has 
remained angina-free. 


Discussion 


The effects of acute coronary artery occlusion on 
ventricular wall motion have been demonstrated in 
dogs. Within 30 s of complete coronary occlusion, 
wall motion changes are detected. When occlusion is 
maintained for less than 15 min, ischemic electrocar- 
diographic changes recover rapidly without perma- 
nent myocardial injury. However, myocardial func- 
tion in the ischemic zone can remain depressed for 
hours (9,10). Changes in left ventricular function 
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Figure 3. Biplane TEE. Transverse (A) and longitudinal (B) planes 
demonstrate wall motion changes with LAD occlusion. AW, ante- 
rior wall; LA, left atrium; LV, left ventricle; PW, posterior wall; ---, 
end systole; —, end diastole. 


resulting from ischemia can be demonstrated in hu- 
mans during acute myocardial infarction, stress- 
induced angina, and balloon occlusion of a coronary 
artery during angioplasty. Echocardiography per- 
formed during coronary artery angioplasty has 
shown decreased wall thickening, endocardial veloc- 
ity, and wall motion of the ischemic zone occurring 
within 15-20 s of arterial occlusion and resolving 
within 10-20 s of balloon deflation (6). 

We have extensively used the TEE probe in 
midesophageal position intraoperatively to provide 
four-chamber and two-chamber cross sections using 
transverse and longitudinal planes, respectively. We 
consider the midesophageal planes to be particularly 
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useful in most monitoring situations. In this patient, 
however, the transgastric imaging cross sections 
were used as per standard practice in our early 
experience. Biplane echocardiographic monitoring 
was continued throughout the time of coronary oc- 
clusion and reperfusion. The wall motion abnormal- 
ities observed on occlusion of the LAD were exten- 
sive and involved the territories normally perfused by 
the dominant right coronary artery. One may surmise 
that these territories were subserved by major collat- 
eral flow from the LAD and its branches. Echocardio- 
graphic findings during the clamp period showed the 
myocardium at risk by detecting asynergy. The trans- 
verse cross section used in the monoplane TEE did 
provide evidence of ischemia in the posteroinferior 
segment at the level of the papillary muscles. How- 
ever, the longitudinal plane provided a more accurate 
assessment of the extent of asynergy involving the 
entire length of the posteroinferior wall including the 
apex. We believe the biplane probe to be superior in 
permitting visualization of the apex, which is fre- 
quently involved in ischemic asynergy. The single- 
plane TEE may or may not permit visualization of 
the apex, depending on orientation of the heart in 
relation to the fundus of the stomach. Moreover, 
despite these extensive wall motion changes, real- 
time electrocardiographic monitoring of leads II and 
V, did not demonstrate ischemic changes. Despite 
13 min of total LAD occlusion, complete recovery of 
segmental asynergy occurred within 3 to 4 min of 
reperfusion. 

The use of TEE throughout revascularization may 
allow appropriate fluid and pharmacologic interven- 
tions to reduce the workload of the heart and to 
improve the myocardial oxygen supply-demand ra- 
tio. Moreover, it allows early detection of severe 
multiple wall motion changes or ventricular dilatation 
on initial test occlusion of the coronary artery, sug- 
gesting the need for standard CPB support. In this 
case, an esmolol infusion was begun before coronary 
artery occlusion as a slower heart rate facilitates 
coronary revascularization on a beating heart. With 
LAD occlusion and evidence of segmental asynergy 
on TEE, a nitroglycerin infusion was begun. How- 
ever, the segmental asynergy persisted until after 
reperfusion. 

The benefits of TEE monitoring include a detector 
of ischemia more sensitive than the ECG (3) and 
hemodynamic monitoring and a capability to evalu- 
ate wall motion in areas revascularized. Echocardio- 
graphic findings before and after myocardial revascu- 
larization using CPB have demonstrated no change or 
decrease in segmental function, whereas other meth- 
ods have noted improvement. However, the impor- 
tance of postbypass regional wall motion abnormali- 
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ties as a predictor of an adverse clinical outcome has 
been documented (11-13). 

In the unique setting where myocardial revascu- 
larization is performed without CPB and where a 
coronary artery is occluded, TEE demonstrates the 
immediate effects of reduced flow on ventricular 
kinesis. A recent echocardiographic study of six pa- 
tients and occlusion of 11 coronary arteries during 
myocardial revascularization without CPB demon- 
strated that the time to full recovery is related to the 
duration of coronary occlusion (14). However, de- 
spite the longest total coronary occlusion time of 
27 min, the maximal time to full recovery of segmen- 
tal asynergy was only 306 s. 

In summary, biplane TEE documented the effects 
of acute coronary artery occlusion and reperfusion on 
ventricular wall motion. It demonstrated ventricular 
asynergy in the territory normally supplied by the 
right coronary artery on occlusion of the LAD. De- 
spite 13 min of LAD occlusion, wall motion fully 
recovered within 3 to 4 min with no postoperative 
evidence of myocardial damage. 

Transesophageal echocardiography may be an im- 
portant component of monitoring for patients under- 
going myocardial revascularization without CPB. 


We thank T. Hozumi, MD, for technical assistance. 
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nary effusion may cause edema of ipsilateral 

lung {reexpansion pulmonary edema, RPE) (1). 
Other reports described a more'acute form of RPE 
associated with lung reexpansion after several hours 
of atelectasis (2,3). Can lung reexpansion after one- 
lung ventilation cause the edema formation of the 
nondependent lung? We describe a case of RPE that 
developed immediately after the removal of a medi- 
astinal tumor during one-lung ventilation anesthesia 
in a young patient. 


; udden evacuation of pneumothorax or pulmo- 


Case Report 


A 17-yr-old boy (body weight 58 kg, height 166 cm) 
was admitted to the hospital because he experienced 
a sudden sharp pain in his right hemithorax. Chest 
roentgenogram (Figure 1) and computed tomograph 
demonstrated an anterior mediastinal tumor, which 
was scheduled for removal. His serial chest roentgen- 
ograms revealed an increase in the size of the medi- 
astinal tumor and partial atelectasis of the right lower 
lung and atelectasis of the right middle lobe. His 
electrocardiogram showed right axis deviation. His 
echocardiogram demonstrated the adjacency of the 
tumor to the right ventricle. Analysis of arterial blood 
gases with a fraction of inspired O, of 0.2 disclosed 
the following values: pHa 7.39, arterial O, tension 
78 mm Hg, and arterial CO, tension 39 mm Hg. His 
preoperative pulmonary function studies revealed a 
forced vital capacity of 3.74 L and a forced expiratory 
volume in 1 s of 2.91 L. The data of other laboratory 
tests were unremarkable. 

Diazepam (10 mg) was given orally 90 min before 
arrival in the operating room. After the intravenous 
injection of 100 ug of fentanyl, his cervical epidural 
space was punctured with a 17-gauge Tuohy needle 
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at the C7-T1 intervertebral space, and an epidural 
catheter was inserted into which 8 mL of 2% lidocaine 
with epinephrine (1:200,000) was injected. Then gen- 
eral anesthesia was intravenously induced with 
300 mg of thiamylal and 100 ug of fentanyl. The 
trachea and left main bronchus were intubated with a 
35F, left-sided, double-lumen endobronchial tube 
(Bronchocath, National Catheter, New York, N.Y.). 
The appropriate placement of the endobronchial tube 
was confirmed with chest auscultation and fiberoptic 
bronchoscopic examination. The narrowing of the 
right main bronchus owing to compression by the 
mediastinal tumor was observed at this time. Anes- 
thesia was maintained with epidural anesthesia with 
2% lidocaine with epinephrine, inhalation of nitrous 
oxide, and intermittent intravenous injection of fen- 
tanyl. Pancuronium was injected intravenously to 
maintain muscle paralysis and facilitate controlled 
mechanical ventilation. Median sternotomy and 
right-sided thoracotomy was performed in the supine 
position. The right middle lobe was compressed 
totally by the tumor, whereas the right upper lobe 
was expanding normally with ventilation. The tra- 
cheal lumen of the double-lumen tube was discon- 
nected from the anesthesia machine to provide access 
to air and only the left lung was ventilated with 50% 
nitrous oxide and 50% oxygen during the procedure 
of tumor resection. During this period analysis of 
arterial blood gases remained within normal range 
(pHa of 7.44, arterial O, tension of 168 mm Hg, and 
arterial CO, tension of 34 mm Hg). 

Removal of the mediastinal tumor was completed 
uneventfully 2 h later. Analysis of arterial blood gases 
revealed the following values: pHa 7.38, arterial O3 
tension 189 mm Hg, and arterial CO, tension 
39 mm Hg with fraction of inspired O, 0.5. The 
weight of the tumor was 1030 g. The right lung was 
deflated for 2 h during tumor removal. Before closure 
of the thorax, reinflation of the right lung was re- 
quired to check air leakage and both lungs were 
expanded with manual positive-pressure ventilation 
with 20 cm H,O of peak inspiratory pressure. Hemo- 
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Figure 1. Chest roentgenogram showing large mediastinal tumor 
1 mo before surgery. 


dynamic responses to lung inflation were not remark- 
able (systolic arterial blood pressure 140-144 mm Hg, 
heart rate 102-98 beats/min). Central venous pressure 
was 7 mm Hg. Small amounts of sputum were 
aspirated from the right bronchus 30 min later. There- 
after, gasping respiration developed. Immediately 
after the completion of surgery, copious amounts of 
frothy pulmonary edema fluid flowed from the right 
bronchus. A sample of the fluid showed the total 
protein content to be 3.2 g/dL, with a pulmonary 
edema-serum protein ratio of 0.71, demonstrating 
increased pulmonary vascular permeability. No 
frothy fluid was aspirated from the left bronchus. 
Analysis of arterial blood gas data revealed the fol- 
lowing values: pHa 7.37, arterial O, tension 
373 mm Hg, and arterial CO, tension 41 mm Hg with 
fraction of inspired O, 1.0. A chest roentgenogram 
showed diffuse alveolar infiltrates over the right lung 
field with clear left lung field (Figure 2). The blood 
loss was 3500 mL during the operation, which lasted 
for 5 h, and the patient received 4400 mL of crystal- 
loid, 1000 mL of colloid, and 2000 mL of whole blood 
intravenously. The endobronchial tube was replaced 
by an endotracheal tube, and the patient was trans- 
ferred to the intensive care unit where he was treated 
with controlled mechanical ventilation with 5 cm H,O 
of peak end-expiratory pressure. Epidural injection of 
6 mL of 0.25% bupivacaine and 5 mg of morphine 
through the epidural catheter provided analgesia. 
Midazolam was administered for sedation. The aspi- 
ration of frothy edema fluid was continued and 
endotracheal suctioning every 30 min was required. 
Thereafter systolic arterial blood pressure gradually 
decreased to 80 mm Hg. With rapid transfusion of 
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Figure 2. Chest roentgenogram immediately after the surgery 
showing unilateral pulmonary edema. 


colloid, arterial blood pressure returned to normal. 
Ten hours later, his condition improved markedly 
and continuous positive airway pressure was started 
instead of controlled mechanical ventilation. Over the 
next 30 h, hemodynamic and respiratory status was 
stabilized. The trachea was extubated on the follow- 
ing day. Serial chest rcentgenograms showed that the 
pulmonary edema was resolving during the follow- 
ing 3 days. The remainder of his time in the intensive 
care unit was uneventful. 


Discussion 


This is an unusual case of RPE that developed imme- 
diately after the surgical extirpation of an anterior 
mediastinal tumor during contralateral one-lung ven- 
tilation anesthesia. 

Many factors are associated with the development 
of RPE. The duration and severity of the lung collapse 
and the speed of reexpansion are important (1). The 
duration of lung compression by the mediastinal 
tumor in this case was more than 80 days before 
surgery, whereas the duration of lung atelectasis of 
the right middle lobe was about 20 days. The chest 
roentgenogram obtained the day before the operation 
revealed enlargement of the mediastinal tumor to 
occupy the lower half of the right lung field, and 
bronchoscopic examination just after endobronchial 
intubation revealed narrowing of the right main bron- 
chus. Complete collapse of the lung is one risk factor 
of RPE. This is substantiated by the report that 
described RPE localized to one lobe that collapsed 
completely due to pneumothorax, and partially col- 
lapsed lobes that did not develop RPE after reexpan- 
sion (4). In our case, although a complete airless area 
was confined to the right middle lobe and the lower 
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lobe was partially collapsed, RPE developed in the 
right lung as showed in Figure 2. Therefore, the 
complete collapse of the lobe because of compression 
by the mediastinal tumor was not the sole cause of 
the development of RPE in our case. Thus, we 
speculate that complete collapse of the right lung 
might contribute to the development of RPE. We 
used one-lung ventilation to avoid the interruption of 
surgical manipulation owing to lung inflation. Re- 
cently, a more acute form of RPE after only 2 h of 
atelectasis during the thoracic stage of esophagec- 
tomy (5) has been reported. Furthermore, one in- 
stance of unilateral pulmonary edema after rapid 
reexpansion of an atelectatic lung of short duration 
due to accidental placement of the endotracheal tube 
in the right mainstem bronchus was reported (2). 
Therefore we cannot exclude the possibility that a 2-h 
collapse of the right lung during one-lung ventilation 
could contribute to the development of RPE in our 
case. 

Most clinical and experimental observations sup- 
port increased pulmonary vascular permeability as a 
major factor in the development of RPE (6-8). Possi- 
ble mechanisms of the increase in pulmonary vascu- 
lar permeability include anoxic damage to the capil- 
lary endothelium and mechanical damage to the 
blood vessel from overstretching during the process 
of reexpansion (1,8). Furthermore, a recent study 
demonstrated a potential role for free radicals pro- 
vided by neutrophils in the increase in pulmonary 
vascular permeability as a cause of RPE (9,10). Free 
radicals mediate damage in a variety of pathological 
conditions including ischemia in organs such as myo- 
cardium, intestine, and brain (11,12). Reoxygenation 
of ischemic tissue results in tissue damage (13). One 
potential mechanism of this reperfusion injury is that 
oxygen radicals lead to lipid peroxidation and mem- 
brane injury. Thus, one-lung ventilation of unilateral 
lung followed by bilateral lung ventilation may cause 
ischemia and reperfusion injury in the nonventilated 
lung and may increase pulmonary vascular perme- 
ability. 

We used cervical epidural anesthesia in addition to 
light general anesthesia in the present case. Although 
cervical epidural anesthesia has the possibility of 
causing cardiovascular changes, thoracic sympathetic 
blockade created by it using lidocaine is unlikely to 
affect pulmonary hemodynamics modifying the se- 
verity of pulmonary edema. Rather, thoracic epidural 
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anesthesia could minimize the deterioration in pul- 
monary oxygenation after oleic acid-induced pulmo- 
nary edema in sheep (14). But the effects of this 
anesthetic technique on pulmonary vascular perme- 
ability are unknown. 

‘We demonstrated a case of RPE in which collapse 
of the unilateral lung due to one-lung ventilation and 
manual reinflation of the collapsed lung were signif- 
icant factors in its development. The result is often 
nothing more than a roéntgenogram diagnosis of 
patchy consolidation and usually little or no clinical 
consequence. However, we should be aware that the 
institution of one-lung ventilation may cause an in- 
crease in pulmonary vascular permeability at the time 
of bilateral lung ventilation. 
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onitoring of cerebral function during carotid 

endarterectomy probably attenuates the risk 

of brain damage (1-3). Occlusion of the 
carotid artery, cerebral embolization of material or 
air, and hypotension can alter the electroencepha- 
logram or the somatosensory evoked potential (SEP) 
(4-6). We report SEP changes related to head position 
and a hypotensive episode in the same patient. 


Case Report 


A 68-yr-old, 70-kg man with diffuse arteriosclerotic 
disease was referred for left carotid artery surgery 
4 wk after a transient ischemic attack. High arterial 
blood pressure was controlled with lisinopril, 5 mg 
twice daily. The patient’s medical history showed no 
angina or myocardial infarction. Preoperative neuro- 
logic assessment included SEP and clinical.examina- 
tion. Particular attention was given to the patient's 
head motion range. Lisinopril was continued during 
the day of surgery and 0.5 mg of atropine was given 
intramuscularly 1 h before induction of anesthesia. 
Monitoring included pulse oximetry, a five-lead elec- 
trocardiogram with ST segment analysis, a radial 
artery catheter, and capnography. Anesthesia was 
intravenously induced with 3 pg/kg of fentanyl, 
4 mg/kg of thiopental, and 0.4 mg/kg of atracurium. 
After -tracheal intubation, blood pressure increased 
from 130/68 to 210/110 mm Hg. Trinitrate isosorbide 
(1 wg-kg!-min™) controlled the hypertension. Anes- 
thesia was i faintaifed with 0.4%-0.6% isoflurane 
and intravenous fentanyl boluses (total = 150 yg) 
with normocarbia. 

The monitoring of SEPs was installed after induc- 
tion of anesthesia. Recording modalities are summa- 
rized in Table 1. Somatosensory evoked potentials 
after induction were similar to those recorded 2 days 
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before induction (Figure 1a). The patient’s head was 
then positioned for the operation, extending the neck 
and rotating the head to the right. Within 8 min, the 
SEPs showed a dramatic decrease in amplitude of 
both the late P45 parietal component and the pre- 
rolandic N30 and a 1.2-ms increase of the CCT, 
without comparable changes in N13 amplitude (Fig- 
ure 1b). Examination of trend curves (Figure 2) also 
shows a slight reduction of the parietal N20 ampli- 
tude. This was interpreted as reflecting ischemia in 
the left sylvian territory and prompted the anesthe- 
siologist to place the head in its neutral position. This 
lead to full SEP recovery after 8 min (Figures Ic, 2). 
During surgical dissection, despite stable condi- 
tions of anesthesia, the heart rate suddenly decreased 
from 100 to 80 beats/min and arterial blood pressure, 
from 140/70 to 110/65 mm Hg. This led to new 
dramatic SEP ‘alterations consisting of both the P45 
parietal component and the prerolandic N30 and a 
1.8-ms increase of the central conduction time (with 
respect to the postinduction values, the parietal N20 
amplitude was also slightly decreased) (Figure 1b). 
The cervical N13 amplitude ‘was unchanged. The 
carotid body was infiltrated with 10 mL of 2% 
lidocaine, dopamine (5 yg: kg?-min“), and 300 mL of 
colloids were administered intravenously over 5 min. 
Somatosensory evoked potentials regained the 
postinduction baseline once systolic blood pressure 
increased above 150 mm Hg (Figure le). Because of 
position and blood pressure changes, a shunt was 
used independent of the response of SEPs to carotid 
artery clamping..Neurophysiologically, the rest of the 
operation proceeded uneventfully. In particular, no 
changes linked to carotid artery clamping and shunt- 
ing were: observed. The patient Woke up without 
neurologic deficit. 


Discussion 


Three criteria should be met in order for a given 
surgical electrophysiologic monitoring to be useful: 
(a) adequacy, the neural structures tested by electro- 
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Table 1. Somatosensory Evoked Potential 


Recording Modalities 
Active Peaks 
Channel electrode“ analyzed Generators 
1 C4 spinous N13 Dorsal cervical H 
process 
2 S P14 Medulla 
N20-P27-P45 (lemniscus) 
parietal cortex 
3 CaP P14 Medulla (lemniscus) 
4 Fpz P14 Medulla 
P22-N30 (lemniscus) 
frontal cortex 


*Commion reference: linked earlobes. 
*Electrode is 2 cm behind Cz (10-20 International System), 7 cm laterally. 


Hap LE* Ty, 
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physiologic monitoring must be those at risk during 
operation; (b) sensitivity of the electrophysiologic 
monitoring to the pathophysiologic process involved; 
(c) possible surgical riposte to any detected incident. 
Somatosensory evoked potentials test nervous struc- 
tures depending on both the vertebrobasilar trunk 
(the lemniscal P14) and carotid arteries (all cortical 
activities). As régards the second criterion, the sensi- 
tivity of SEPs to nervous ischemia has been widely 
documented (7-9). 

= The main goal of SEP recording is the detection of 
brain ischemia after carotid artery clamping. Soma- 
tosensory evoked potentials seem more sensitive 
than the measurement of stump pressure (10) or the 
a a recording (11,12), and their 
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Figure 2. Trend curves of CCT, N20-P27 amplitude, and N30 
amplitude. Rotation-extension of the head gives rise to a dramatic 
decrease in N30 amplitude, a slight decrease in N20 amplitude, 
and a 1.2-ms increase in the CCT. 


alterations should prompt the surgeon to shunt the 
excluded carotid artery segment. A 1-ms increase in 
the CCT and a 50% decrease in N20-P27 amplitude 
are classically considered as indications to shunt. In 
our experience, as in that of De Scisciolo (13), de- 
creasing amplitudes of the late parietal and frontal 
components could constitute a more sensitive crite- 
rion of ischemia. In any case, an adequate riposte can 
be provided by the surgeon, which fills the third 
criterion when brain ischemia is induced by carotid 
artery clamping. 

Our case report illustrates two further applications 
of SEP monitoring in carotid endarterectomy: to mon- 
itor the influence of systemic blood pressure and that 
of head position. Several cases of SEP alterations 
secondary to systemic hypotension have been de- 
scribed (4). However, SEP deterioration has only 
been reported once after changing the position of a 
patient’s head, involving a totally different mecha- 
nism (14). In that case, cortical activities disappeared, 
but cervical waves were preserved after flexion and 
leftward rotation of the head for a posterior fossa 
craniotomy. Frontal cortical activities were not eval- 
uated because a frontal reference for parietal record- 
ings had been chosen. This patient had no reported 
arterial disease, and SEP changes were probably due 
to direct pressure on the brainstem with a possible 
influence of venous engorgement. 

In the present case, positioning the head clearly 
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altered SEPs in a way mimicking changes observed in 
other patients after clamping. This occurred without” 
modification in depth of anesthesia, hemodynamic 
variables, oxygenation, or ventilation. The delay (be- 
tween 5 and 8 min) is also in accordance with thaise. 
expected from ischemia-induced changes (10). We 
therefore believe that the observed alterations re- 
sulted from reversible mechanical occlusion of one ofiii 
the severely atheromatous carotid arteries. Two fur- 
ther arguments can be set forward to rule out amm 
possible influence of anesthesia: the rapid -returnme 
toward normal after head positioning and the fact 
that we failed to observe any increase in the P22™™ 
amplitude; the latter phenomenon was recently de- 
scribed for isoflurane concentrations between 0% andi 
1% and can easily differentiate the alterations due to» 
ischemia from those due to increase in volatile anes- 
thetic concentrations (15). This emphasizes the im- 
portance of recording SEPs before induction to get 
reliable baseline values. 

In conclusion, this case shows the necessity of 
having preoperative baseline SEP recording. Optimal 
SEP monitoring should be done continuously and 
be started as soon as possible. Events as small as 
passive displacement of the head can have deleteri- 
ous consequences. Preoperative assessment may 
fail to detect abnormal tolerance to surgical position- 


ing. 
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wide variety of influences change the ampli- 

tude and latency of intraoperative somatosen- 

sory evoked potentials (SSEPs). Intraopera- 
tive SSEPs are used to assess surgical and anesthetic 
impact on the central nervous system. Information 
gained from these tests must be tempered by an 
understanding of neuroanatomy and neurophysiol- 
ogy as well as a knowledge of the variety of outside 
influences that change the sensitivity and specificity 
of the test (1-3). We present a case of a delayed 
short-latency SSEP that was easily reversible repre- 
senting a false-positive result. 


Case Report 


The case involved a 35-yr-old, 55-kg, ASA physical 
status II woman who was admitted for a clipping of 
a 1-cm left internal carotid artery aneurysm. Her 
medical history and review of systems were signifi- 
cant only for her presenting symptom of blurred 
vision in July 1990. Physical examination was normal 
except for findings consistent with optic neuritis. Her 
complete evaluation included a computed axial tomo- 
graphic scan and internal carotid artery angiogram. 
The angiogram revealed an.aneurysm located distal 
to the ophthalmic artery on the left internal carotid 
artery with a 4-5-mm base. The aneurysm was fur- 
ther described as intradural and above the clinoid 
process. 

Preoperative laboratory values were normal with 
the exception of a hematocrit of 35%. The patient 
received no premedication. In the operating room, 
routine noninvasive monitors were placed. A right 
radial arterial catheter was inserted. Induction of 
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anesthesia included sufentanil titrated intravenously 
to 1 pg/kg with 6 mg/kg of thiopental. Positive 
pressure ventilation was established, and paralysis 
was achieved with 0.2 mg/kg of vecuronium given 
intravenously. Endotracheal intubation was accom- 
plished without difficulty. 

Mayfield tongs were placed for positioning, which 
required 10°-15° rotation of the head to the right with 
approximately 10° of flexion. Anesthesia was main- 
tained with isoflurane at concentrations of less than 
0.5% end tidal as measured by mass spectrometry 
in combination with a continuous intravenous in- 
fusion of sufentanil at concentrations of 0.25- 
0.5 ug-ke~*-h7' as needed. Paralysis was maintained 
with a continuous infusion of vecuronium. This tech- 
nique allows for a minimum of alteration of SSEP 
latencies and amplitudes. Additionally, an un- 
changed regimen maintained throughout the course 
of the surgery minimized changes of the evoked 
potentials attributable to anesthetics. 

Electroencephalogram and median nerve soma- 
tosensory evoked potentials were established and 
monitored throughout the case. A Nomad system 
(Tracor Northern, Middleton, Wis.) was used. 
Evoked potentials were obtained subcutaneously at 
the C6-7 interspace as well as at C-3' and C-4’, all 
referenced to Fpz. A 200-ms square wave of 20-mA 
stimulus was applied through intradermal needles at 
the flexor crease of the wrists lateral to the tendon of 
the palmaris longus. The low-frequency filter was set 
at 30 Hz and the high-frequency filter was established 
at 1500 Hz. A 60-Hz notch filter was also used. A total 
of 128 sweeps were conducted and the resultant 
evoked potential signals obtained were averaged. 
The initial median nerve somatosensory evoked po- 
tential tracings are shown (Figure 1) and were ob- 
tained at approximately 90 min after induction. The 
side-to-side difference in latency of the No (first 
negative deflection recorded at the cervical region) - 
was noted and no intervention was taken. The posi- 
tion was verified by both anesthesiologist and neuro- 
surgeon as not appearing to compromise neural func- 
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Figure 1. Right and left upper extremity stimulus responses. N, is identified by lines A and B. FPZ, C3', and C4’ recording electrode sites 
are as described by Nuwer (reference 11). The SC2 recording electrode site is our designation for the cervical electrode placed in this patient 
posteriorly at the C4-5 interspace. The initial recordings document a mild side-to-side latency delay. The right-sided evoked potentials 
recorded in the cervical region are 2 ms later than the left. The central conduction time (not identified in the figure) is not different 


comparing left to right sides. 
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Figure 2. Left and right upper extremity stimulus responses. Nọ is identified by lines A and B. As with Figure 1 the central conduction time 


is unchanged; however, 


tion with external compression or excessive flexion/ 
extension. The central conduction time as measured 
from No to the first negative deflection (N4) registered 
at the contralateral cortex was similar for each side. 
Approximately 5.5 h into the case, the latency of 
No had increased by (10%) 1.76 ms (Figure 2). The 
central conduction time (Nọ — N,) did not appear to 
have increased. The anesthetic technique chosen had 
remained stable; end-tidal isoflurane concentrations 
were 0.3% and remained unchanged for approxi- 
mately 3 h; the sufentanil infusion had been de- 
creased after craniotomy to 0.25 ug-kg~*-h~* and had 
remained so for approximately 3 h. The position had 
not changed and no external compression of the 
upper extremity or axilla was noted. The patient 
remained hemodynamically stable throughout the 


e latency difference for Ng from right side to left side has increased to 4 ms. 


case. Her body temperature as measured by esopha- 
geal temperature probe was 35.4°C and had not 
varied by more than +0.3°C. The patient had re- 
ceived cefazolin, mannitol, and decadron during the 
preceding hours of anesthetic care. 

At this time it was noted that the right upper 
extremity, which had remained exposed during the 
operation, was cool to the touch. The skin tempera- 
ture of the volar aspect of the forearm was measured 
with an infrared scanning thermometer, First Temp 
model 2000A (Intelligent Medical Systems, Carlsbad, 
Calif.) and found to be 25°C. The extremity was 
warmed with heating lamps for approximately 1 h to 
a skin temperature of 30°C as measured at the same 
area of the forearm. The Nọ resumed its original 
location with approximately 2.4 ms of difference 
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Figure 3. Left and right upper extremity stimulus responses. Ny is identified by lines A and B. The central conduction time is unchanged. 
The latency difference for Ng from right side to left side has decreased to 1.6 ms. Warming of the right upper extremity with radiant 


warmers had affected the reduction in latency. 


comparing left to right side (Figure 3). The contralat- 
eral arm was tucked at the patient’s side during the 
case. At the conclusion of the case, a surface temper- 
ature of 32°C was obtained at a site similar to that of 
the exposed arm. After emergence from anesthesia 
and tracheal extubation, the patient appeared to have 
suffered no compromise of her central or peripheral 
nervous systems on physical examination. The pa- 
tient’s internal carotid aneurysm was successfully 
and uneventfully clipped approximately 35 min after 
No had reached its maximal latency point. 


Discussion 

Many authors have described the effects of hypoth- 
ermia on the latencies of SSEPs (4-8). Some have 
arrived at formulas to predict this effect. Russ et al. (9) 
concluded that a linear correlation between latency 
and tympanic temperature exists in the temperature 
range of 25°-35°C. Kopf et al. (10) concluded that 
central conduction time varied as a logarithmic func- 
tion of the temperature. Budnick et al. (8) described 
in the rat model a greater hypothermic effect on 
synaptic transmission than conduction velocity. Most 
authors concur that hypothermia decreases conduc- 
tion velocity as well as delays synaptic transmission. 
Nuwer (3) has indicated in his text that: 


It is common for patients in the operating room to 
drop their core temperature one degree or more over 
the course of an operation. Limb temperature will 
often drop several degrees. As is well known in the 
EMG lab, this can result in a decrease in conduction 
velocity and an increase in the latency to peaks. 


We are unable to use the formulas arrived at by 
other researchers to help explain the extent of the 
latency delay seen in our case of regional hypother- 
mia. The formulas derived pertain to hypothermia 
induced with bypass technology. Possibly an uneven 
temperature reduction along the course of the periph- 
eral nerves involved in this case could explain the 
lack of concordance with these studies. 

We do believe that reporting of this type of impact 
on SSEPs may assist others using intraoperative 
evoked potentials to identify another nonoperative 
influence. In the present case, the delayed Ng re- 
sponse was approaching the point at which it could 
be characterized as a significant change (1,2,4). We 
chose to reverse the regional hypothermia as other 
causes of the increased latency seemed less probable. 
Clearly, the unrelated increased latency was revers- 
ible when the limb was rewarmed to a more normal 
temperature. 
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Pressure Sores as a Possible Complication of 


Epidural Analgesia 


Cees D. Punt, MD, Pierre A. F. A. van Neer, Mp, and Simon de Lange, MD, PhD 
Departments of Anesthesiology and Dermatology, Academic Hospital Maastricht, Maastricht, The Netherlands 


everal complications caused by epidural analge- 
b sia have been described. Some of these (e.g., 
cardiac arrest, convulsions, total spinal block- 
ade, and hypotension) occur within minutes, 
whereas other complications (like epidural hematoma 
and meningeal infection) become apparent much 
later (1,2). We describe a complication that occurred 
in two patients and was discovered 24 h after the start 
of epidural analgesia. 


Case Reports 


Patient 1 was a 37-yr-old, otherwise healthy, woman 
with carcinoma of the cervix who was scheduled for a 
Wertheim’s hysterectomy. 

Anesthesia consisted of a combination of general 
anesthesia and epidural analgesia. A lumbar epidural 
catheter was inserted and, after a test dose was given, 
18 mL of 0.5% bupivacaine with 1:200,000 epineph- 
rine was injected. Immediately thereafter general 
anesthesia was induced with the intravenous admin- 
istration of thiopental, fentanyl, and pancuronium. 
After intubation of the trachea, the patient’s lungs 
were ventilated with 60% nitrous oxide in oxygen. 
Anesthesia was maintained with isoflurane, and pa- 
ralysis with pancuronium. 

Fifteen minutes after the first epidural bolus injec- 
tion, at the beginning of the operation, an epidural 
infusion of 0.25% bupivacaine with 0.25 mg/mL of 
nicomorphine was started at a rate of 6 mL/sh. 
Throughout the operation the patient lay in the 
supine position on a thick flannel undersheet and 
wore long cotton stockings. After induction of gen- 
eral anesthesia, systolic arterial blood pressure de- 
creased from 110 to 90 mm Hg for 10 min and 
thereafter returned to the preanesthetic level and 
remained stable throughout the 5-h operation. Na- 
sopharyngeal temperature did not decrease below 
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35°C. At the end of surgery, residual paralysis was 
reversed with intravenous neostigmine and atropine 
and, when spontaneous respiration was assessed as 
adequate, the trachea was extubated. 

Postoperatively, the epidural infusion was contin- 

ued until the morning after surgery with 0.25% 
bupivacaine containing 0.125 mg/mL of nicomor- 
phine, which was given at a rate of 6 mL/h. Arterial 
blood pressure was measured every 15 min for the 
first hour, then hourly. The patient received 170 mL/h 
of 3.75% glucose in 0.225% saline and remained 
hemodynamically stable throughout the first postop- 
erative night. Urinary output was 70 mL/h. 
. The next morning, 24 h after the start of surgery, a 
large hemorrhagic blister was discovered on both 
heels. There were no skin lesions on other parts of 
the body. A dermatologist confirmed the diagnosis of 
pressure sores. Therapy consisted of removal of the 
roof of the blisters, local wound treatment, and heel 
pads. The sores healed uneventfully. 

The second patient was a 30-yr-old, otherwise 
healthy, woman who had previously undergone sev- 
eral urologic procedures for urinary incontinence and 
was about to undergo a ureterocolostomy. 

Anesthesia consisted of a combination of general 
anesthesia and epidural analgesia. A lumbar epidural 
catheter was inserted and, after a test dose was given, 
18 mL of 0.5% bupivacaine with 1:200,000 epineph- 
rine was injected. Immediately thereafter general 
anesthesia was induced with the intravenous admin- 
istration of thiopental, fentanyl, and succinylcholine. 
After intubation of the trachea, the patient’s lungs 
were ventilated with 60% nitrous oxide in oxygen. 
Paralysis was maintained with pancuronium. The 
patient, with both feet in long cotton stockings, lay in 
the supine position on a thick flannel undersheet. 
Halfway through the operation, which lasted 4.5 h, 
another bolus of 15 mL of 0.5% bupivacaine without 
epinephrine was given. At the end of the procedure 
residual paralysis was reversed with intravenous 
neostigmine and atropine and, when spontaneous 
respiration was assessed as adequate, the trachea was 
extubated. 
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Figure 1. Lateral aspect of the left heel of the second patient 
showing a large hemorrhagic blister. 


Postoperatively, an epidural infusion was started 
with 0.25% bupivacaine containing 1.25 pg/mL of 
sufentanil at a rate of 6 mL/h. Preanesthetic systolic 
arterial blood pressure was 110 mm Hg. In the first 
hour of surgery, arterial blood pressure stayed be- 
tween 80 and 90 mm Hg, and for the remainder of the 
operation the systolic blood pressure exceeded 
90 mm Hg. Postoperatively, systolic blood pressure 
was between 90 and 105 mm Hg. The patient received 
125 mL/h of 3.75% glucose in 0.225% saline and 
500 mL of plasma protein solution during the first 
postoperative night. Urinary output was 95 mL/h. 
Nasopharyngeal temperature had decreased to 
33.8°C at the end of surgery. Three hours after arrival 
in the recovery room, rectal temperature was 36.0°C. 

The morning after surgery, a hemorrhagic blister 
was discovered on both heels (Figure 1). After re- 
moval of the roof of the blisters and local wound 
treatment, the sores healed uneventfully. 


Discussion 


The exact mechanism of the development of pressure 
sores is still not fully understood (3). However, 
pressure causing local ‘ischemia is probably the fun- 
damental cause (4-6). Other factors, such as shearing 
force, reduced sensation and mobility, hypotension, 
peripheral vasoconstriction, vasomotor failure as 
seen in acute paraplegia, heart failure, dehydration, 
sepsis, nutritional deficiency, and anemia also play 
an important role in the pathogenesis of pressure 
sores (3,4,7-11). Population groups with an increased 
risk of developing pressure sores are the elderly, the 
unconscious, the emaciated, the paralyzed, and the 
bedridden (6,7). 
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The two patients in this report did not belong to 
any of these risk groups. They were young and, apart 
from an overnight fast, their nutritional status was 
good, they were not dehydrated, they were not 
anemic, and they were not bedridden. 

Hypotension aggravates pressure effects on body 
surfaces, which may result in ischemic lesions (12). 
However, in these two patients, the decrease in 
systolic arterial blood pressure occurring after anes- 
thetic induction was moderate, with a maximum 
decrease to 80 mm Hg (which occurred for less than 
1 h in the second patient). 

In a geriatric population, the number of spontane- 
ous body movements during the night is inversely 
related to the incidence of pressure sores (5). In the 
supine position, the skin pressure at the sacrum and 
at the heels exceeds the average capillary perfusion 
pressure in the skin (13). Bromage (14) states that 
motor blockade caused by 0.25% bupivacaine is neg- 
ligible. Therefore, paresis of the legs would not 
explain the lesion in these two patients. Moreover, 
one of the patients stated that she had been able to 
move her legs on the evening of the operative day. 
However, postoperative somnolence, caused by the 
general anesthesia (12), and the lack of sensation, 
caused by the epidural administration of bupivacaine 
in combination with an opioid, may have inhibited 
spontaneous patient movement. This may be com- 
pared to paraplegics who get no sensory warning of 
impending ischemia (4,8, 10-12). 

Superficial sores, like the blisters in these two 
patients, are often caused by shearing stress (9). This 
shearing or friction can be caused by sliding down the 
bed or being pulled up the bed instead of being lifted 
(4). In this situation lesions of the sacral skin would 
also be expected (11). 

The epidural administration of a local anesthetic 
causes vasodilation which, owing to pressure, may 
cause local shunting. This shunting could have re- 
sulted in skin ischemia and eventually in pressure 
sores. This is similar to the vasomotor paralysis in the 
acute phase of paraplegia, which in a very short time 
can lead to ischemia caused by local pressure (8,10). If 
indeed this was a valid explanation, these lesions 
would be seen more often. 

In conclusion, it is not clear which factors are 
responsible for this complication. Probably the sum 
of analgesia, postoperative somnolence, possibly 
slight paresis, and vasomotor paralysis together with 
a long stay on the operating table resulted in the 
occurrence of pressure sores. Preventive measures 
should be initiated early, especially when epidural 
analgesia is combined with general anesthesia. Nurs- 
ing management, such as the use of underlying 
sheepskins, heel pads, and pressure-relieving mat- 
tresses and turning the patient at regular intervals 
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(which is facilitated by the epidural analgesia), is of 
primary importance in preventing these lesions (3,4, 
7,9,10,12,13), 
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Retrograde-Assisted Fiberoptic Tracheal Intubation in 
Children With Difficult Airways 
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Lexington, Kentucky 


variety of approaches have been described for 

the clinical management of difficult pediatric 

airways including retrograde (1,2) and flexible 
fiberoptic (3) techniques. Use of fiberoptic laryngo- 
scopes (4) and of light wand devices (5) has also been 
reported. Fiberoptic tracheal intubation over a retro- 
grade wire has been described in adults (6,7) and 
Stiles has described a two-step bronchoscope and 
antegrade wire technique in children (8). Small- 
diameter flexible fiberoptic bronchoscopes have now 
become available, making use of more “routine” 
flexible fiberoptic techniques possible even in small 
newborns. Some of these scopes include a lumen for 
suction, irrigation, insufflation, and/or passage of a 
wire. We have now used retrograde-assisted fi- 
beroptic intubation in 20 pediatric patients with dif- 
ficult airways, including seven children less than 
16 mo of age (see Table 1 which gives details concern- 
ing cases 1-20). With approval of our institutional 
human investigations committee, we reviewed our 
experience. The technique was successful on all oc- 
casions, even in instances where other methods men- 
tioned above had failed. 


Case Reports 
Case 6 and Technique 


An 11-mo-old, 7.8-kg male patient with mandibular 
hypoplasia and Klippel-Feil anomaly was admitted 
for elective surgery. Rectal methohexital was given to 
initiate general anesthesia. Intravenous access was 
established and 0.16 mg of glycopyrrolate was given. 
Anesthesia was deepened with incremental halo- 
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thane in oxygen via a Patil-Syracuse mask (Anesthe- 
sia Associates, San Diego, Calif.). Spontaneous ven- 
tilation was maintained. The airway was secured by 
the method outlined below. 


1. Needle cricothyrotomy was performed using a 
22-gauge Teflon catheter over needle. The nee- 
dle and catheter were advanced in the midline 
with a 45° cephalad angle until free aspiration of 
air occurred. The l-in flexible catheter was then 
advanced and left in place and the needle was 
withdrawn. 

2. A 100-cm-long, 0.018-in-diameter Teflon-coated 
guidewire (Cook Critical Care, Bloomington, 
Ind.) was passed through the catheter and ceph- 
alad, spontaneously exiting through the left 
nostril. 

3. The cephalad end of the wire was fed through 
the suction port of a 2.8-mm-outer-diameter 
intubating bronchoscope (AUR-8, Circon ACMI, 
Stamford, Conn.) and secured. A softened, lu- 
bricated 4.0-mm-internal-diameter (ID) endotra- 
cheal tube had previously been loaded onto the 
bronchoscope. 

4, Phenylephrine (0.25%) was applied to the nasal 
mucosa. The bronchoscope was fed along the 
wire until the vocal cords were identified. 

5. The bronchoscope was advanced past the vocal 
cords and the wire was withdrawn. . 

6. The bronchoscope was then further advanced, 
and the endotracheal tube was placed to an 
appropriate depth. 


Case 13 


A 7-yr-old, 17-kg boy with spondyloepiphyseal dys- 
plasia was admitted for fusion of C1-2 subluxation. 
Although the cervical spine was believed to be stable 
in extension, a cautious approach to the airway was 
chosen. After beginning an intravenous infusion, 
0.2 mg of glycopyrrolate and small doses of thiopen- 
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Table 1. Summary of Clinical Approaches to Pediatric Patients With Airways Difficult to Manage Clinically 


Rationale or failed 
Case Weight means of tracheal 
No. Age (kg) Primary/surgical diagnosis Airway problems Scope Tube intubation 
1 1 day 2.9 Congenital anomalies/omphalocele Micrognathia, nonvisualization AUR8 3.0 A,D 
2 6mo 4.5 Congenital anomalies/bilateral radial Nonvisualization AUR-8 3.0 D 
club hand 
3 7mo 5.7 Amyoplasia/congenital hip Micrognathia, AURS8 4.0 A,D,P* 
dislocation nonvisualization, limited 
mouth opening 
4 8mo 6.8 Amyoplasia/clubfoot Micrognathia, limited mouth AUR-S8 4.0 A,D 
opening, nonvisualization 
5 10mo 4.9 Pierre Robin/cleft palate Micrognathia, nonvisualization AUR-8 3.5 A,D 
6 ilmo 7.8 Arthrogryposis‘clubfoot Klippel-Feil, micrognathia AUR-8 4.0 A 
7 15mo 8.0 Undiagnosed congenital anomalies/ Nonvisualization AURS 4.0 D 
congenital hip dislocation 
8 24mo 13.2 Hurlers syndrome/bone marrow Short neck, large tongue, AUR 4.0 A,D 
transplant limited neck motion, 
nonvisualization 
9 26mo 114 Camptomelic dysplasia/cervical Cervical spine abnormalities AUR-S 3.0 A,C 
fusion. and instability, limited 
motion of neck, mouth 
10 3 yr 11.2 Hallerman Streiff/ophthalmologic Narrowed trachea, AUR-8 4.5 A,D 
procedures micrognathia, malar 
hypoplasia, microstomia, 
nonvisualization 
11 5 yr 15.1 Escobar syndrome Klippel Feil, brevicollis, LF-1 5.0 A,D 
(6 yr) (16.9) (multiple pterygium)/orthopedic limited mouth, neck motion, 
and plastic procedures nonvisualization 
12 6 yr 11.3 Multiple congenital anomalies/ Micrognathia, cervical LF-1 5.0 HA 
infantile scoliosis hemivertebra, limited mouth D,R,F* 
opening, nonvisualization 
13 7 yr 17.1 Spondyloepiphyseal dysplasia C-spine abnormalities LF-1 5.5 C 
congenita/C1-2 subluxation 
14 7yr 15.9 Schwartz-Jampel syndrome/ Microstomia, limited LF-1 5.0 A,C 
(7 yr) (17.1) C2-3 subluxation neck, mouth motion, 
C-spine abnormalities 
15 9 yr 14 Cerebral palsy/congenital hip Nonvisualization AUR-S 5.5 D 
dislocation 
16 12yr 22 Escobar syndrome (multiple Klippel Feil, brevicollis, limited  LF-1 5.5 A,D,L 
pterygium)/scoliosis mouth, neck motion, 
micrognathia 
nonvisualization 
17 12yr 15.2  Undiagnosed congenital progressive Extreme fixed cervicothoracic AUR-8 5.0 A,D 
neuromuscular disease/extreme lordosis, micrognathia 
cervicothoracolumbar fixed nonvisualization 
lordosis for release and fusion 
18 14 yr 51 Juvenile rheumatoid arthritis/joint Limited motion neck, mouth LF-1 5.5 H,A 
fusion 
19 15 yr 71 Juvenile rheumatoid Limited motion neck, mouth LF-1 6.0 HA 
arthritis/phalangeal replacements 
20 17yr 74 Trauma/cervical spine and facial Facial fractures, in cervical LF-1 7:9 C 
fractures traction, unstable cervical 


spine 


Case numbers have been assigned for reference and convenience only. The tracheas of patients 11 and 14 have each been intubated twice with 


retrograde-assisted fiberoptic technique. Under “airway problems,” nonvisualization refers to failure to 


expose the cords or arytenoid cartilages with direct 


laryngoscopy. On all occasions where the AUR-8 scope was used, the 22-gauge catheter and 0.018-in wire (see text) were also used. Likewise, where the LF-1 
scope was used, the 20-gauge catheter and 0.025-m wire (see text) were used. “Tube” refers to the endotracheal tube’s internal diameter in millimeters. The 
“rationale or failed means of tracheal intubation” column reveals a few patients where this technique was used primarily, usually for cervical spine 
consideration (C) or when the airway was known to be extremely difficult by history/previous experience (H), or by preoperative assessment (A). Direct 
laryngoscopy (D), fiberoptic laryngoscopy (F), lightwand (L), and retrograde alone (R) es were attempted unsuccessfully where so noted. 

“Use of a Bullard rigid le a laryngoscope afforded an excellent view of the vocal cords, but owing to limitec mouth opening the endotracheal tube 


could not be properly positione 


62 CASE REPORTS 


tal were given. Spontaneous ventilation was main- 
tained, and anesthesia was deepened with incremen- 
tal halothane in oxygen via a Patil-Syracuse mask. 
The airway was then secured using the method 
already described but with a larger bronchoscope 
(Olympus LF-1), wire (0.025 in.), catheter (20 gauge), 
and endotracheal tube (5.5 mm ID). 


Case 12 


A 6-yr-old, 11.3-kg, 96-cm-tall girl with anomalies 
including micrognathia and multiple hemivertebra 
was admitted for posterior fusion of infantile scolio- 
sis. Anesthesia was induced with rectal methohexital 
and was deepened with incremental halothane in 
oxygen. Neither direct nor fiberoptic laryngoscopy 
(Bullard) revealed identifiable laryngeal landmarks, 
and a smali amount of airway bleeding was caused. A 
retrograde wire was placed and intubation following 
that guide was attempted, but the tube would not 
pass the level of the glottis despite rotation of the 
tube (9,10) and various maneuvers of the wire and 
larynx. Neuromuscular blockade was established to 
no avail. The endotracheal tube was removed from 
the wire and loaded onto the bronchoscope. The 
cephalad end of the wire was then passed through 
the bronchoscope and the bronchoscope was ad- 
vanced. Vision was obscured by blood-tinged secre- 
tions but saline lavage and suction allowed visualiza- 
tion of tracheal rings, and the wire was withdrawn. 
The bronchoscope advanced readily to the distal 
trachea and intubation with a 5.0-mm-ID tube was 
easily accomplished. 


Case 14 


A 7-vr-old, 17-kg boy with Schwartz-Jampel syn- 
drome, severely limited mouth opening, and residual 
C2-3 subluxation after cervical spine fusion was ad- 
mitted for cervical spine fusion of additional levels 
(and at another date for dental procedures). Glyco- 
pyrrolate, ketamine, and midazolam were given in- 
travenously. Transtracheal lidocaine and bilateral su- 
perior laryngeal nerve blocks were performed. 
Retrograde-assisted fiberoptic tracheal intubation 
was performed without incident. 


Case 16 


A 12-yr-old girl with Escobar (multiple pterygium) 
syndrome and micrognathia was admitted for exten- 
sive orthopedic surgery. Klippel-Feil anomaly and 
atlanto-occipital abutment were noted on preopera- 
tive cervical spine film: Direct laryngoscopy did not 
provide a view of the larynx, and light wand intuba- 
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tion (Tube-Stat, Concept, Clearwater, Fla.) was at- 
tempted unsuccessfully. Retrograde-assisted fi- 
beroptic tracheal intubation was performed. An 
anterior larynx, extremely floppy epiglottis, and a 
very small glottic opening were noted and passed, 
albeit with considerable difficulty. 


Discussion 


Retrograde-assisted fiberoptic tracheal intubation can 
be performed by an anesthesiologist with one assis- 
tant. It has distinct advantages compared to isolated 
retrograde or fiberoptic techniques. Its chief advan- 
tage over other retrograde techniques lies in the 
ability to pass the glottic opening with visual direc- 
tion. This allows the bronchoscope to pass without 
hanging up on the arytenoid cartilage or the epiglottis 
(9,10). Reducing tension on the wire (10,11), use of a 
slightly smaller than usual endotracheal tube (11), 
and rotation of the tube (9,11,12) are maneuvers 
useful in helping the tube to pass smoothly with or 
without the bronchoscope in place. It has been our 
observation, however, that the incidence of failure to 
pass the glottis with blind retrograde techniques is 
particularly high in children (as in case 12). The 
presence of the larger, stiffer bronchoscope as a guide 
(as opposed to a wire or epidural catheter) almost 
completely eliminates this “hanging up” phenome- 
non. In only one of our patients was it difficult to pass 
the glottis. 

Another advantage of this technique is that in 
smaller patients or patients with pulmonary compro- 
mise, oxygen insufflation can be used during these 
manipulations and may help to preserve vision (12) 
and maintain oxygenation (12,13). We insufflated 
oxygen prophylactically in our five youngest patients 
(cases 1-5, 700-1000 mL/min oxygen) and in response 
to arterial oxygen desaturation to 86% and to 89% in 
two other patients (cases 12 and 16, 2 and 4 L/min, 
respectively). None of the five younger patients suf- 
fered arterial oxygen desaturation to less than 96%, 
and oxygen saturation improved in the two patients 
treated with insufflated oxygen. 

Compared with standard fiberoptic techniques, 
the major advantage of this technique lies in the 
presence of the guidewire. By following the wire the 
bronchoscopist can quickly pass through the 
oropharynx or nasopharynx without taking time to 
recognize landmarks along the way. This reduces the 
time necessary to accomplish intubation, especially in 
difficult cases. Even if landmarks are obscured, sim- 
ply by following the wire until the bright white Teflon 
catheter is seen, the bronchoscopist can quickly and 
easily reach the vocal cords. This speed is most 
noticeable with an inexperienced bronchoscopist. 
Practitioners who rarely use a flexible bronchoscope 
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Table 2. Flow Measurements of Various Fiberscopes 


Outer scope Inner lumen Working 
Scope diameter diameter length 
(Mfg) (mm) (mm) (cm) 
AUR-8 2.7 0.8 37 
(Circon ACMI) 
LF-1 (Olympus) 3.8 12 60 
BF-1 (Olympus) 5.9 2.8 55 


Mfg, manufacturer. 
Flow measurements represent mean + sp. 


can quickly follow a guidewire to the glottic opening. 
This transforms an often time-consuming ordeal to a 
quick and effective maneuver. 

This technique, with the equipment described, can 
be used with endotracheal tubes as small as 3.0-mm 
ID. It avoids the multiple-step fiberoptic techniques 
previously recommended for pediatric applications 
(8,14). No significant complications have occurred in 
any of the pediatric patients thus far managed by this 
approach. Although it is a safe and relatively fast 
technique, it does have limitations. Special equip- 
ment is needed, including long, small wires (available 
in most cardiac catheterization laboratories) and Patil- 
Syracuse masks or their equivalent. The Patil- 
Syracuse mask facilitates maintenance of deep levels 
of general anesthesia and spontaneous ventilation 
(15), both of which are helpful in pediatric fiberoptic 
approaches. A pituitary (or endoscopic grasping) 
forceps i is useful for wire retrieval should the wire coil 
in the posterior pharynx. This is especially true when 
mouth opening is limited, as that may preclude use of 
Kelly or Magill forceps. An intubating bronchoscope 
with a working channel is vital to this technique. This 
working channel can be used to irrigate with saline 
solution or local anesthetic or to apply suction. The 
channel can also be used, as in this report, to follow 
a wire, to insufflate gas (16), or both. Even with the 
smaller scope described here, oxygen flow -of more 
than 4 L/min can be maintained with the 0:018-in- 
diameter wire in place. Maximum oxygen flow 
through this scope without a wire is more than 
9 L/min (see Table 2 for details). Such flows are more 
than adequate to maintain oxygenation in these 
smaller patients (17). We have generally limited flow 
to approximate the patient’s normal minute ventila- 
tion. This has been clinically successful and avoids 
excessive gas velocities that might create mechanical 
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Maximum Maximum 
tip flexion O, flow 
(°°) Scope configuration (L/min) 
140 Straight 9.4 + 0.1 
90° curve and 90° tip flexion 9.4 + 0.0 
90° curve with 0.018-in wire 4.37 + 0.01 
‘in place l 
120 Straight 18.1 + 0.2 
90° curve and 90° tip flexion 12.9 + 0.1 
90° curve with 0.025-in wire 12.4 + 0.1 
‘in place l 
100 Straight 159 + 5 
90° curve and 90° tip flexion 152 + 1 
90° curve with 0.035-in wire 145 + 1 
in place 


trauma. and shear streśses leading to injury of the 
tracheobronchial tree (18). 

Cricothyrotomy and passage of the wire, as well as 
the actual intubation, was well-tolerated by all our 
patients. When halothane was used, a level of ap- 
proximately 2 age-adjusted MAC (19,20) was gener- 
ally sought and yielded excellent conditions (21). In 
four patients (cases 9, 14, 18, and 20) these proce- 
dures were performed with intravenous sedation and 
local anesthesia, and in the one newborn following a 
bolus of intravenous thiopental. Special -caution, 
however, is needed when performing needle crico- 
thyrotomy in small patients. Review of more than 
17,000 needle cricothyrotomies in adults revealed no 
serious complicatioris (22), but no data are available 
on this procedure in children. Landmarks may be 
vague and will be more cephalad in younger chil- 
dren. Importantly, the distance from the cricothyroid 
membrane to the true cords is very small. This 
distance has been reported as 13 mm in adults (22), 
but in our smallest patients the distance was less than - 
5 mm. Care must be taken when puncturing the 
membrane to limit advance of the needle to the point 
of free air aspiration. Potential damage to cords or 
structures posterior to the trachea can thus be 
avoided. A slight cephalad angle helps the wire’ to 
advance in the desired direction, and on the rare 
instance that it does not appear, it can be withdrawn 
and readvanced. Leaving the Teflon catheter in place 
as a sheath helps maintain sterility during any ma- 
neuvers of the wire. Final withdrawal of the wire is 
done in the caudad direction so that any. friction 
between the wire and bronchoscope helps maintain 
scope position, rather than tends to dislodge it. The 
Teflon catheter rémains in placé until proper endo- 
tracheal tube placement is confirmed. 

In summary, use of the described pediatric flexible 
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bronchoscopes makes possible “intubation over the 
scope” with endotracheal tubes as small as 3.0 mm 
ID. Placing a retrograde wire through these fiberoptic 
scopes allows even an inexperienced bronchoscopist 
to quickly follow the wire to the glottic opening. This 
combination of techniques allows abnormal land- 
marks, edema, and small amounts of blood to be 
quickly bypassed. Oxygen insufflation can be per- 
formed throughout bronchoscopy and intubation. 

Although not a routine technique, retrograde- 
assisted fiberoptic intubation is a valuable addition to 
our methods of securing a difficult pediatric airway. 


We thank Terry Ellis for expert technical advice and assistance. We 
appreciate Joyce Anderson’s patient preparations of the manu- 
script and the editorial expertise of Margaret Stubbs, MD, and 
Norman W. Pedigo, Jr., PhD. 
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Termination of Supraventricular Tachycardia With - 
Adenosine in a Healthy Child Undergoing Anesthesia 
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ardiac arrhythmias associated with hemody- 

namic changes are uncommon in healthy chil- 

dren undergoing anesthesia. Sinus bradycar- 
dia, junctional rhythm, and occasional premature 
atrial or ventricular contractions occur commonly but 
do not cause important changes in systemic arterial 
pressure. We describe a child in whom paroxysmal 
supraventricular tachycardia (SVT) and hypotension 
developed with induction of anesthesia, which was 
converted to sinus rhythm by administration of aden- 
osine—a relatively new treatment for reentrant SVT. 


? 


Case Report 


A 7-yr-old, 30-kg giri, ASA physical status I, was 
admitted for elective tonsillectomy and adenoidec- 
tomy because of chronic adenotonsillar enlargement 
and nighttime snoring. Shehad a history of one prior 
general anesthetic without incident. 

Atropine (0.5 mg) was given orally approximately 
45 min before induction of anesthesia. Sedative pre- 
medication was not given because of her history of 
airway obstruction while sleeping. In the day-surgery 
holding area, the patient was very anxious and ex- 
tremely resistant to parental separation. Upon arrival 
in the operating room, the patient was combative and 
strongly resisted an attempt at an inhaled induction 
of anesthesia. Therefore, a 27-gauge butterfly needle 
was inserted into a vein on the dorsum of the hand. 
Thiopental (150 mg) and vecuronium (3 mg) were 
administered intravenously. As the patient lost con- 
sciousness, ventilation via bag and mask was begun 
with 70% nitrous oxide, 30% oxygen, and 2% in- 
spired concentration of halothane before placement 
of routine monitors. When the precordial stethoscope 
and electrocardiographic leads were in place, we 
unexpectedly noted a heart rate of 240 beats/min. The 


Accepted for publication July 15, 1991. 

Address correspondence to Dr. Litman, Department of Anes- 
thesiology, Strong Memorial Hospital, 601 Elmwood Avenue, 
Rochester, NY 14642. 


©1991 by the Intemational Anesthesia Research Society 
0003-2999/91/$3 .50 


DINAMAP device was unable to measure an arterial 
blood pressure but femoral pulses were clearly pal- 
pable. The halothane was discontinued. The trachea 
was intubated, and the lungs were ventilated without 
difficulty. 

The electrocardiographic tracing revealed a narrow 
complex regular tachycardia without discernible P 
waves. A diagnosis of paroxysmal SVT was made. 
Unilateral carotid massage was performed, but the 
heart rate remained rapid. The DINAMAP read an 
arterial blood pressure of 60/30 mm Hg. Adenosine 
(3 mg, 0.1 mg/kg) was given intravenously without 
effect. Phenylephrine (0.1 mg IV) was then adminis- 
tered and arterial blood pressure increased to 
77/35 mm Hg; however, the heart rate remained the 
same. Approximately 1-2 min later, a second dose of 
adenosine was given by IV bolus injection at a dose of 
6 mg (0.2 mg/kg, double the initial dose). Within 10 s 
the cardiac rhythm converted to sinus (Figure 1) with 
a rate of 120 beats/min. The systemic arterial pressure 
now measured 82/56 mm Hg. 

The nurse who was restraining the patient re- 
marked that she had felt the patient’s heart “racing” 
before the patient lost consciousness. The SVT, there- 
fore, may have been present before induction of 
anesthesia. A 12-lead electrocardiogram and cardiac 
consultation did not suggest intrinsic cardiac disease, 
and the surgery proceeded uneventfully. Mainte- 
nance anesthesia consisted of nitrous oxide, iso- 
flurane, and 0.15 mg of fentanyl. Postoperatively, the 
patient remained in sinus rhythm: and ` recovered. 
uneventfully. 


Discussion 


Pediatric cardiologists report that SVT is the most 
common arrhythmia noted in the pediatric age group 
(1). It can occur in utero, at birth, or can be acquired. 
Predisposing conditions include infection, drug expo- 
sure, Wolff-Parkinson-White syndrome, and various 
forms of congenital heart disease. In this patient, SVT 
may have begun before induction of anesthesia, 
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Figure 1. o tachycardia ata rate of 240 bentefmin i is 
converted to normal sinus rhythm at a rate of 120 beats/min after IV 
administration of 0.2 mg/kg adenosine. 


based on the nurse’s description of her fast heart rate. 
This may have been caused by excessive sympathetic 
activity precipitated by fear and anxiety associated 
with parental separation and surgery. Oral atropine 
45 min before induction of anesthesia may have been 
a contributing factor. 

Adenosine, an endogenous purine nucleoside nor- 
mally found in all human tissues, expresses its pri- 
mary electrophysiologic action as transient depres- 
sion of atrioventricular conduction, with resultant 
termination of SVTs which depend on a reentrant 
circuit involving the atrioventricular node (2). In 
adults, adenosine proved effective in terminating 
94% of episodes of SVT in 25 patients in one series (3) 
and all 20 episodes in another study (4). 

Several recent investigators have suggested that it 
may be the drug of choice in terminating SVT in 
infants and children (5-7). An initial bolus injection of 
0.05 mg/kg is suggested, with doubling of the dose 
until either a desired effect is attained or a maximum 
of 0.2 mg/kg is administered. Clarke et al. (6) reported 
on the use of adenosine in terminating chronic refrac- 
tory SVT in three infants, aged 7-44 days, and one 
10-yr-old child. Supraventricular tachycardia was ter- 
minated in all patients within 20 s after administra- 
tion of adenosine with doses of 0.1-0.25 mg/kg IV. 
The only side effect reported was transient bradycar- 
dia to 40 beats/min in a 28-day-old infant that spon- 
taneously subsided after 40 s. In 13 patients with 
SVT, aged 1 day to 16 yr, the arrhythmia was termi- 
nated with adenosine using dosages from 0.0375 to 
0.225 mg/kg without side effects (7). 

Adverse effects that have been reported with the 
use of adenosine include dyspnea, facial flushing, 
and chest pain, all of which subsided in a few 
minutes. Because of its metabolism by circulating 
adenosine deaminase and rapid transport into cells, 
the drug disappears from the circulation almost im- 
mediately, and thus has an extremely short half-life 
of several seconds. Side effects, therefore, are short- 
lived. Heart block and bradycardia may occur after 
adenosine’s termination of the SVT but tend to occur 
only when using exceptionally large doses and are 
transient in nature. 

The administration of phenylephrine may have 
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contributed to the termination of this patient’s SVT 
but we believe that this is unlikely. In one report (8), 
phenylephrine was used to terminate SVT in 10 
patients. The authors observed that the increase in 
arterial blood pressure caused by phenylephrine 
caused an initial slow decline in the rapid heart rate 
before conversion to sinus rhythm. They therefore 
proposed that this increase in blood pressure caused 
baroreceptor stimulation with resulting increased re- 
flex vagal activity. The patient we describe had a 
substantial increase in blood pressure in response to 
phenylephrine, but without a decrease in heart rate 
before the rhythm converted to sinus after the admin- 
istration of adenosine. Furthermore, the lack of a 
primary role of phenylephrine in the termination of 
the SVT is suggested by the failure of another vago- 
tonic maneuver, carotid sinus massage, to change the 
rhythm or alter the heart rate. 

There also exists the possibility that the patient 
had spontaneous conversion from SVT to sinus 
rhythm that was unrelated to any of the drugs 
administered. However, as there is such a distinct 
temporal association with the administration of aden- 
osine, we believe that spontaneous conversion is 
unlikely. 

A case similar to this was reported by Chow and 
Noble-Jamieson (9) in which adenosine was adminis- 
tered to terminate SVT in a 6-yr-old girl undergoing 
tonsillectomy and adenoidectomy. They used 
0.05 mg/kg and within 20 s had converted her rhythm 
to sinus tachycardia with a rate of 150 beats/min. 
Whereas doses up to and including 0.2 mg/kg have 
been used safely in awake adults and children, this is 
the first report of the safe use of this dose in an 
anesthetized child. 

In conclusion, we report the use of adenosine in a 
dose of 0.2 mg/kg to terminate an episode of parox- 
ysmal SVT in a healthy child under anesthesia. Aden- 
osine appears to be a safe and effective drug for the 
treatment of paroxysmal supraventricular tachycardia 
in anesthetized children. 


We thank Dr. J. Downes for his review of the manuscript and 
many helpful suggestions. 
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Letters to the Editor 


Epidural Injection Does Cause an 
Increase in CSF Pressure 


To the Editor: 


The question of why an epidural blood patch has a rapid 
response in relieving postspinal headache has caused much 
speculation (1~3). The letter from Carrie (3) contends that 
the rapid relief is the result of the injected volume of blood 
raising the pressure in the epidural and spinal subarach- 
noid spaces so that cerebrospinal fluid (CSF) is forced back 
inside the cranium, cushioning the brain. We agree with 
this contention and support it with the following case 
report data. 

A 74-yr-old, 70-kg man underwent a descending tho- 
racic aortic aneurysm repair. The anesthesia consisted of a 
general anesthetic supplemented by a lidocaine epidural 
anesthetic converted to a continuous fentanyl and bupiv- 
acaine infusion for postoperative pain management. The 
epidural catheter was placed in the second to third lumbar 
interspace. To enhance spinal cord protection, a second 
catheter was placed in the lumbar subarachnoid space two 
levels below the lumbar epidural catheter. The CSF pres- 
sure was measured and CSF was withdrawn at the time of 
aortic cross-clamping to reduce the subarachnoid pressure 
and improve spinal cord perfusion. Withdrawing 20 mL of 
CSF reduced the CSF pressure from 17 to 7 mm Hg. It was 
noted that a bolus injection of 10 mL of 1.5% lidocaine with 
1:200,000 epinephrine into the epidural space transiently 
increased the CSF pressure by 12 mm Hg for 1-2 min 
(Figure 1). This was a repeatable phenomenon. There was 
no change in systemic arterial blood pressure, pulmonary 
arterv pressure, or central venous pressure at this time. 

With an epidural blood patch, coagulation could occur 
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Figure 1. Radial artery, pulmonary artery, and subarachnoid pres- 
sure waveforms. Arrow represents injection of 10 mL of 1.5% 
xylocaine into the epidural space. Note increase in cerebrospinal 
fluid pressure from 10 to 22 mm Hg. 
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during these few minutes, and therefore the CSF pressure 
increase may be maintained (2). 

We believe that this may answer the question of why an 
epidural blood patch relieves postspinal headache immedi- 
ately. 

Mike Ramsay, MD 

Clayton Roberts, MD 
Department of Anesthesiology 
Baylor University Medical Center 
3500 Gaston Avenue 

Dallas, TX 75246 
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A Potential Complication of the 
Patil-Syracuse Endoscopy Mask 


To the Editor: 


Fiberoptic endoscopy, along with various airway devices 
developed to facilitate tracheal intubation, has become 
increasingly popular in the management of the difficult 
airway (1). One such aid, the Patil-Syracuse mask (Figure 
1), allows uninterrupted general anesthesia and ventilation 
while performing endoscopy for endotracheal intubation 
(2). The silicone diaphragm permits passage of a fiberscope 
together with the endotracheal tube (ETT) through the port 
without air leak (Figure 1). 

We describe a case of a ruptured diaphragm that repre- 
sented a potentially serious complication of this endoscopy 
mask. 

A 32-yr-old, ASA physical status II man was scheduled 
for eye surgery with general endotracheal anesthesia. Re- 
view of a previous general anesthetic record revealed an 
unsuspected difficult tracheal intubation but easy ventila- 
tion via a mask. We elected to perform an “asleep” fi- 
beroptic intubation with the Patil-Syracuse mask and an 
endoscopic airway. A 7.5-mm ETT, the silicone diaphragm, 
and the fiberscope were lubricated. The fiberscope was 
inserted through the silicone diaphragm and airway and 
directed into the trachea. The ETT was then gently passed 
through the diaphragm and advanced over the fiberscope. 


- After raising the mask to further advance the ETT under 


direct vision, we discovered a remnant of the silicone 
diaphragm that was encircling the fiberscope and being 
advanced toward the airway by the aftercoming ETT (Fig- 
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Figure 1. Patil-Syracuse mask (Anesthesia Associates, Inc.) with 
ruptured diaphragm and intact diaphragm (arrow) above. 





Figure 2. Displaced diaphragm remnant (arrow) encircling fi- 
beroptic scope. 


ure 2). The diaphragm ring was cut and removed from the 
fiberscope with a subsequent, uneventful intubation. 
Rupture of a Patil-Syracuse endoscopy mask’s unlubri- 
cated diaphragm has been described previously (3,4). De- 
spite lubrication as recommended by Zornow and Mitchell 
(3), the diaphragm in our case was ruptured without undue 
force. Although the manufacturer reports the recent pro- 
duction of a new, more durable diaphragm, the existing 
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diaphragms remain in supply and represent a foreign body 
hazard. When using the Patil-Syracuse mask, a generous 
lubrication of the fiberscope and ETT and use of the more 
durable diaphragm appear to be warranted. Before guiding 
the ETT into the trachea, the integrity of the diaphragm 
should be assured. 


Patrick H. Waring, MD 
H. Ronald Vinik, MD 


Department of Anesthesiology 
University of Alabama 

845 Jefferson Tower 

619 South 19th Street 
Birmingham, AL 35233-4696 
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Neuromuscular “Block” Not 
“Blockade” 


To the Editor: 


Recent anesthesia literature increasingly uses the word 
“blockade” instead of “block” in neuromuscular pharmacol- 
ogy. The three-lettered suffix, ade, is unjustifiable. 

The Webster's New World Dictionary of the American Lan- 
guage (Simon and Schuster) defines blockade as “a shutting 
off of a port or region of a belligerent state by. . . .” Other 
uses of the word share the connotation of a hostile military 
or police action. Block, on the other hand, is defined as “to 
impede the passage of progress of,” etc. 

Dorland’s Illustrated Medical Dictionary (Saunders) defines 
blockade as “1. ... phagocytosis ... 2. ... enzymatic 
actions. 3. the preventior. of the effects of certain drugs by 
an agent, as the effect of nalorphine on heroin action.” Block 
is defined as ‘1. any obstruction or stoppage. 2. a term 
introduced by Ramanes to express the obstruction of the 
passage of muscular or nervous impulses. 3. regional anes- 
thesia . . .”. Numerous other medical uses of block exist in 
nerve block, heart block, mental block, etc. 

Both block and blockade can be used as either a noun or a 
verb. However, blockade is not the noun of block. Blockage is 
a noun used in the phrase “the blockage of. . . .” 

In neuromuscular pharmacology, curariform drugs are 
not used as agents that prevent the effects of other drugs 
(“blockade”), but are drugs that obstruct the passage of 
nervous impulses to the muscle (“block”). Rather, anti- 
cholinesterases may prevent the effects of curariform drugs 
(“blockade”). Therefore, the use of blockade in place of block 
not only wastes the suffix, but also adds wrong connota- 
tions. Besides, those who use blockade as a noun still use 
block as a verb, and write “blocking,” “blocked,” and 
“blocker,” rather than “blockading,” “blockaded,” and 
“blockader.” To be grammatically correct, they should have 
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used “block” not “blockade” to begin with. The use of 
“blockade” in regional anesthesia would be even less justi- 
fiable. 


Chingmuh Lee, MD 
Department of Anesthesiology 
Harbor-UCLA Medical Center 
1000 West Carson Street 
Torrance, CA 90509 





Use of a “Loading Port” for 
Syringe Pumps 


To the Editor: 


This is a response to the letter by O’Flynn and Siler (1) 
regarding the use of a “loading port” for syringe pumps. I 
was interested to note that they have used the Bard Infus 
O.R. and Baxter Auto syringe pumps with success, and 
they say this probably can be adapted to other pumps. 

I have been using a loading port and an Ohmeda 9000 
syringe pump but have run into one problem should the 
syringe need refilling more than twice. The syringe begins 
to lose its lubricant and becomes so stiff as to activate the 
“occlusion alarm.” This then necessitates the changing of 
the syringe after fully checking the intravenous lines, 
which can be difficult. 

I have found it easy to change syringes using the loading 
port after the second change as a matter of policy. 


N. H. Ashurst, MD 
Pontefract General Infirmary 
Friarwood Lane 

Pontefract, West Yorkshire 
WF8 1 PL United Kingdom 
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Sevoflurane Breakdown in 
Soda Lime 


To the Editor: 


A recent article has what we believe to be some misleading 
data (1). Succinctly, this article looked at temperatures 
attained in soda lime in a conventional anesthesia circuit 
during isoflurane anesthesia in humans, and the absorp- 
tion and possible degradation of both sevoflurane and 
isoflurane in a model anesthesia circuit. We encountered a 
major difficulty with the use of the term “degradation of 
sevoflurane,” which appeared many times in this article. 
The questions we pose are: how did the authors’ methods 
differentiate between degradation and absorption of sevo- 
flurane and isoflurane? What were the degradation prod- 
ucts? We have unpublished data using low-flow sevoflu- 
rane anesthesia in humans with soda lime CO, absorption 
indicating that there are very low levels of degradation 
products arising, but these have been identified only with a 
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combination of gas chromatographic and mass spectro- 
scopic analyses. These techniques were not used in the 
study by Liu et al., rather a Rascal (which does not measure 
degradation products to our knowledge) was used. Thus, 
we question how the term “degradation” could be used 
throughout the article. In addition, it is unclear why CO, 
absorbant temperature results obtained from the patients 
studied did not equate with temperatures in the model 
system evaluating “degradation.” Indeed, the average 
highest temperature in the patient low-flow system was 
43.5°C, yet studies in the model system used temperatures 
of 48.1, 48.7, and 49.4°C. Therefore, results in the model 
using these higher temperatures are not relevant to those 
occurring in the clinical situation because, as the authors 
infer, “breakdown” may be temperature-dependent. 


Burnell R. Brown, Jr, MD, PhD, FFARCS 
Edward J. Frink, Jr, MD 

Department of Anesthesiology 

The University of Arizona Health Sciences Center 
Tucson, AZ 85724 
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In Response: 


Drs. Brown and Frink question whether we measured 
absorption or degradation of sevoflurane, and imply that 
the term “degradation” was inappropriate. There are three 
reasons why we used this term. First, Wallin et al. (1) and 
Hanaki et al. (2) demonstrated that sevoflurane is degraded 
by soda lime to fluoromethyl 2,2-difluoro-1-(trifluorome- 
thyl) vinyl ether and fluoromethyl 2-methoxy-2,2-difluoro- 
1-(trifluoromethyl) ethyl ether. Indeed, Brown and Frink 
also note the formation of degradation products. Second, 
our group 3 (soda lime, CO.) had a higher temperature in 
the absorbant than group 2 (soda lime, no CO,). This 
increased temperature should have decreased absorption, 
but we observed the converse: a higher slope for group 3. 
Third, Figure 1 in our article gives rectilinear plots for data 
collected after 20 min. If absorption were a significant 
factor, these lines should have curved and approached a 
plateau as the absorption capacity of the soda lime became 
saturated. This reasoning extends with greater force to the 
data collected from Baralyme. Tanifuji et al. (3) found that 
absorption of sevoflurane by soda lime is a function of the 
silica binder. No such binder exists in Baralyme, yet we 
found that the disappearance of sevoflurane was three 
times as rapid with Baralyme as with soda lime. 

All the above arguments point to degradation rather 
than absorption as the cause of the disappearing sevoflu- 
rane. The argument raised by Brown and Frink that only 
minute traces of degradation products arise in these cir- 
cumstances ignores the possibility that the products derive 
from absorption or degradation by the soda lime. 

Brown and Frink are curious about the trivial difference 
in absorbant temperature in the studies in anesthetized 
patients versus those in the model system. We delivered 
200 mL/min of CO, into the model system. We think that 
this probably slightly exceeded the CO, production in the 
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patients studied, thereby producing a temperature of 
48.1°C in group 3 as opposed to 43.5°C in the patients 
studied (both studies with soda lime; the still higher tem- 
peratures noted by Brown and Frink were obtained with 
Baralyme). 

In summary, we continue to believe our data strongly 
support our conclusions that (a) degradation of sevoflurane 
by soda lime does occur and mandates a slightly increased 
input to sustain circuit concentration, but (b) the degrada- 
tion is too small to materially affect the requirement for 
anesthetic delivery in clinical practice, even in a low-flow 
system. 

Jin Liu, MD 
Michael J. Laster, DVM 
Edmond I. Eger I, MD 
Shahram Taheri, BS 

ent of Anesthesia 
University of California, San Francisco 
513 Parnassus Avenue 
San Francisco, CA 94143-0454 
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Metabolism of Sevoflurane 


To the Editor: 


A recent article by Yasuda et al. (1) comparing the kinetic 
characteristics of sevoflurane and isoflurane came to the 
conclusion “that the metabolism of sevoflurane did not 
differ from that estimated for isoflurane.” Point of fact is 
that sevoflurane is biotransformed to a far greater extent in 
humans than is isoflurane in our experience. Under most 
circumstances, the technique to quantitate biotransforma- 
tion should be to assay for metabolites. Sevoflurane is 
broken down in humans to a considerable extent into 
hexafluoroisopropanol and free fluoride ion, both of which 
can readily be detected. Although the mass balance tech- 
nique described is sophisticated and mathematically in- 
triguing, it seems to be inadequate to the task of determin- 
ing biotransformation and could be quite misleading when 
it comes to statements concerning biotransformation. 


Burnell R. Brown, Jr, MD, PhD, FFARCS 
Edward J. Frink, Jr, MD 

of Anesthesiology 
University of Arizona Health Sciences Center 
Tucson, AZ 85724 
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In Response: 


Drs. Brown and Frink ccrrectly underscore the most impor- 
tant limitation of the mass balance technique. It can be too 
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insensitive to detect small differences in metabolism, and 
thus the conclusion that metabolism of sevoflurane does 
not differ from that of isoflurane might mislead the unwary 
reader. The following reasoning led us to pursue this less 
sensitive approach to a determination of metabolism. Mass 
balance has been used to assess the metabolism of enflu- 
rane, a compound that produces roughly the same amount 
of metabolites as sevoflurane (1). This technique revealed a 
significant difference from isoflurane, a difference greater 
than that suggested by assay of metabolites (2). 

One could argue that dependence on assay of metabo- 
lites might lead to an underestimate of metabolism. Indeed, 
that also is what one might conclude from studies of mass 
balance (2) versus metabolite assay for halothane (3,4) and 
methoxyflurane (5): assay of metabolites appears to give a 
lower estimate of metabolism than the mass balance tech- 
nique. The problem with the assay for metabolites is that 
the assay depends on access to the metabolites. If they are 
retained in inaccessible places (such as bone) or are elimi- 
nated by unmonitored routes (such as exhaled gases), the 
excreta examined may not reveal the true total metabolism. 

We submit that the use of both approaches, mass 
balance and assay of metabolites may not give redundant 
information. The results of each may be combined usefully 
to understand the true extent of metabolism. Thus, we 
believe it reasonable to have pursued the estimate of 
metabolism of sevoflurane using mass balance. 


Edmond I. Eger I, MD 
University of California 
Science-455 Box 0464 

San Francisco, CA 94143-0464 
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More About the Esophageal Detector 


To the Editor: 


I read Ian Smith’s letter (1) in which he advocated the use 
of the “esophageal detector” with some concern. This 
device is supposed to always immediately determine endo- 
tracheal tube (ETT) position. 

More than 2 yr ago, after reading the original description 
(2), I made a copy of the esophageal detector and used it in 
18 patients. It failed to confirm proper ETT placement 
twice. This is not really surprising. In 1989:a similar failure 
of the device was reported (3) and even Wee, its designer, 
has reported 25 instances when it hasn’t functioned ideally 
(4). I believe there is no singile sign, test, or technology that 
will always immediately determine ETT position. This should 
be determined clinically using a combination of the tech- 
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niques reviewed by Birmingham et al. (5) and be confirmed 
using whatever technology is available. 

In certain situations, CO, can be detected in the stomach 
(6,7) and although end-tidal CO, values of 6-10 mm Hg 
during cardiopulmonary resuscitation may correlate with 
hospital survival (8), they may not confirm the accurate 
placement of ETT. Similarly, some patients (especially 
pediatric patients, the morbidly obese, and those with lung 
disease) mav have arterial desaturation after proper ETT 
placement. Certainly, premature removal of a properly 
placed ETT is as dangerous as unrecognized esophageal 
intubation. 

Until that elusive single test of proper ETT placement is 
determined and/or capnography is available at every pos- 
sible intubating location, we will still need to teach careful 
clinical evaluation of ETT placement, pay scrupulous atten- 
tion to technique, maintain a high index of suspicion, and 
use all methods available to assess tube position (5). 


Patrick J. Donahue, MD 
Department of Anaesthesia 

New England Deaconess Hospital 
185 Pilgram Road 

Boston, MA 02215 
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In Response: 


I am pleased to hear that Dr. Donahue has been using the 
“esophageal detector device.” Unfortunately, he omitted to 
provide full information on the two cases in which the 
device “failed to confirm proper ETT placement.” Wide- 
spread trials and complete reporting of difficulties can assist 
in establishing the true role of this relatively new device. 
In the published literature, the esophageal detector 
device has never been reported to give a false-negative 
result (i.e., to suggest that an ETT was in the trachea). The 
false-positive result reported by Calder et al. (1) resulted 
from the bevel of an unformed ETT impinging on the 
unsupported posterior tracheal wall. The authors recom- 
mend rotation of the tube and reapplication of the device 
after a positive result when this type of tube is used. In 
Wee’s larger series (2), the 25 cases where the device did 
not “function ideally” all involved situations in which at 
least 20 mL of air could be withdrawn before encountering 
resistance. Wee states that this felt “quite diferent” from 
the resistance caused by esophageal intubation. He also 
recommends several measures (i.e., withdrawing the tube 
0.5-1 cm, partial rotation) to be used in equivocal cases 
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before removing the tube. Wee’s series involved use of the 
original esophageal detector device (which may prove to be 
of more value in equivocal tests), whereas Calder et al. used 
Nunn’s modification (3). Unfortunately, Donahue does not 
state which form of the device he was using. 

I would agree with Donahue that no single test should 
be relied upon to the exclusion of all other available 
methods. However, one of the major advantages of the 
esophageal detector device is that it can be present at every 
location at which endotracheal intubation is practiced, 
when other equipment may not be available. I would 
disagree with Donahue’s statement that premature removal 
of a properly placed ETT is “as dangerous” as unrecog- 
nized esophageal intubation. Providing that intubation and 
ventilation via a mask were not unduly difficult, the safest 
practice should be to remove any ETT that is not definitely 
in the trachea. However, strict adherence to the protocol 
suggested by the original inventor of the esophageal detec- 
tor device (2) should reduce the number of such occur- 
rences to a minimum. 


Ian Smith, FFARCS 
Washington University 
School of Medicine 

Box 8054 

660 South Euclid Avenue 
St. Louis, MO 63110 
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Management of a Systemic 
Carnitine Deficiency 
To the Editor: 


Rowe and Helander (1) reported the anesthetic manage- 
ment of a patient with systemic carnitine deficiency. Sys- 
temic carnitine deficiency is usually the result of an enzy- 
matic defect in organic acid metabolism or fatty acid 
B-oxidation. Primary systemic carnitine deficiency owing to 
a transport defect is still very rare (2). The distinction 
between the two can be accomplished only by urinary 
organic acid analysis and appropriate enzymatic assays. 
These investigations should be performed in patients with 
serum carnitine deficiency before any elective surgical 
procedure. During metabolic decompensation, carnitine- 
deficient patients are “intoxicated” by the accumulated 
organic acids, some of which are able to inhibit fatty acid 
B-oxidation leading to decreased activity of pyruvate car- 
boxylase (a gluconeogenetic enzyme), whereas others do 
not interfere with fatty acid oxidation and gluconeogenesis 
but with ketone body utilization leading to metabolic aci- 
dosis with normo- or hyperglycemia. The immediate dan- 
ger to carnitine-deficient patients during the early stages of 
metabolic decompensation is not hypoglycemia but mito- 
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chondrial acyl-coenzyme A accumulation with resultant 
neurologic and hepatic disturbances. Maintaining normal 
blood glucose levels with 5% dextrose would not prevent a 
catabolic state, and higher dextrose concentrations should 
be used with the possible addition of insulin. 


Orly N. Elpeleg, MD 
Metabolic Lakorakory 
Shaare-Zedek Medical Center 
Jerusalem 91031, Israel 
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In Response: 


Doctor Elpeleg reemphasized a very important point in the 
care of patients with systemic carnitine deficiency: that 
when these patients get into a metabolic crisis, it is impor- 
tant not only to optimize their carnitine level but also to 
ageressively treat their hypoglycemia. Depending on the 
extent of their metabolic crisis, treatment may also be 
necessary for hypoprothrombinemia, hyperammonemia, 
acidosis, electrolyte disorders, or shock, as well as for other 
manifestations of the patient’s hepatic failure and enceph- 
alopathy. 

Primary serum carnitine deficiency is indeed extremely 
rare. According to Rebouche and Engel (1): “...[serum 
carnitine deficiency] could arise from one or more of the 
following: (1) a defect in carnitine biosynthesis; (2) abnor- 
mal renal handling of carnitine; (3) alterations in cellular 
mechanisms for carnitine transport, affecting uptake or 
release (or both) of carnitine from tissues; (4) excessive 
degradation of carnitine; or (5) defective intestinal absorp- 
tion of carnitine.” 

Furthermore, there are more than 23 disorders of fatty 
and organic acid metabolism that can lead to secondary 
carnitine deficiency syndrome. Only through detailed anal- 
ysis of a patient’s lipid and organic acid metabolism can a 
diagnosis be assured. The anesthetic implications of sec- 
ondary carnitine deficiency and myopathic carnitine defi- 
ciency are not the same as those discussed for systemic 
carnitine deficiency (2). 

Richard Rowe, MD 
Department of Anesthesiology 
Children’s Hospital 

747 52nd Street 

Oakland, CA 94609 
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How Much Epinephrine in a Wash 


To the Editor: 


Mention of an “epinephrine wash” before spinal anesthesia 
(1) has prompted us to share the results of a study we did 
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Table 1. Comparison of Wash Methods 


Mean + sp Range Variability 
Group (ug) (ug) (7) 
Two-milliliter 
syringes 
Wash A 81.5 + 7.7 62.6-94.2 9.4 
Wash B 85.3 + 10.1 68.1-100.0 11.8 
Tuberculin 103.1 + 2.7 95.8-106.6 2.7 
Twenty-milliliter 
syringes 
Wash 122.3 + 14.6 101.5-169.5 11.9 
Tuberculin 102.4 + 2.9 97.2-107.0 2.9 


a few years ago. The aims were to determine how much 
epinephrine was added with a wash, its variability, and the 
effect of two wash techniques, and to compare these 
techniques with the addition of 0.1 mL of 1:1000 epineph- 
rine using a 0.25-mL tuberculin syringe. 

Five 2- and 20-mL glass syringes were weighed, five 
times each, before and after the wash or “injection” from 
the tuberculin syringe. For wash A, 0.1 mL of 1:1000 
epinephrine was aspirated and the syringe was inverted to 
carry the plunger to the 2-mL mark and then reinverted to 
empty it; for wash B, 1 mL of the solution was aspirated, 
emptying it similarly. With the 20-mL syringes, a drop of 
epinephrine was aspirated and the plunger was drawn to 
the 20-mL mark and then emptied as before. The following 
formula was used to calculate the mass of epinephrine (M,): 


Me = (W. = W,)/D.] x Ce 


where W, and W, are weights before and after the addition 
of epinephrine, C, is the solution concentration, and D, is 
its density. 

Variability was significantly more (P < 0.0001) with the 
wash when compared with the tuberculin method for both 
wash. techniques and syringe volumes (Table 1). Washes 
added less than 0.1 mg to the 2-mL syringes; this probably 
carries no risk other than a doubtful effect. By contrast, 
washes added up to 170 ug to 20-mL syringes; maximum 
concentrations could reach 1:125,000 or 1:62,500 when 
diluting epinephrine with 20 or 10 mL of local anesthetic 
solution, respectively. These are dangerous concentrations 
that will not achieve a correspondingly more effective 
vasoconstriction. Thus epinephrine should be added with a 
tuberculin syringe (2). 

Jorge Dagnino, MD 
Guillermo Bugedo, MD 

to de Anestesiologta 
Unrversidad Católica de Chile 
Santiago, Chile 
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In Obstetrics: Keep the Water 
Colorless and Clear 


To the Editor: 


Recently, a trend was initiated by obstetricians and nurse 
midwives to relax the restriction of oral intake during 
parturition (1,2). However, it is well known that aspiration 
pneumonitis used to be the leading cause of maternal death 
from anesthesia (3,4). Only after becoming aware of the 
problems, selecting the proper anesthetic technique, and 
taking strict precautions against aspiration of gastric con- 
tents, including restriction of oral intake, has mortality 
decreased significantly in recent year (5,6). Is it safe to be so 
liberal with oral intake during labor as recommended by the 
authors of R2ferences 1 and 2? We measured the pH of the 
fluids commonly recommended for drinking during the 
course of labor. It is apparent from Table 1 that all tested 
fluids except water were acidic. Thus, drinking such colored 
fluids may increase the risk of aspiration of gastric contents 
by adding tc its acidity and volume. Therefore, we recom- 


Table 1. pH of Clear Fluids Recommended for Oral 
Intake Durir.g Labor 


Fluid pH 
Tap water 7.20 
Fruit juices* 

Apple 3.65 

Grape 3.20 

Cranberry” 2.70 
Gatorade 

Orange 3.03 


Lemonade 3.13 


“Produced by Campbell Soup Co., Camden, N.J. 
"Produced by Quaker Oats, Chicago, m. 


mend that only water should be allowed during labor. If the 
course of parturition is prolonged, intravenous fluids con- 
taining dextrose should be administered to prevent mater- 
nal ketoacidosis. The mortality and morbidity from aspira- 
tion pneumonitis in the obstetric patient is real and not 
exaggerated. We believe that relaxation of current guide- 
lines may be dangerous. 


Ezzat Aboul2ish, MD 
Thomas Merriman, MD 
Department of Anesthesiology 
Untversity of Texas at Houston 
6431 Fannin, MSMB 5.020 
Houston, TX 77030 
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Continuous Spinal Anesthesia With 
Hyperbaric and Isobaric Bupivacaine 


To the Editor: 


We read with interest the clinical report on the combined 
use of hyperbaric and isobaric bupivacaine for continuous 
spinal anesthesia for labor, and subsequently for surgical 
delivery, in a patient with repaired congenital heart disease 
and severe kyphoscoliosis (1). We would like to make a few 
comments regarding the patient management as well as the 
techniques used. 

Anesthetic solutions administered into the lumbar epi- 
dural space tend to spread more in the cranial than in the 
caudal direction. Despite the use of large doses, lumbar 
epidural block may fail to provide adequate analgesia over 
the sacral nerves in 10%-25% of patients (2-4). An epidural 
biock with sensory loss from T-10 to L-2 is usually sufficient 
to relieve the discomfort of uterine contractions during the 
first stage of labor. Incomplete sacral nerve block may allow 
involuntary expulsive efforts, which will not interfere with 
the progress of labor. On the other hand, we do question 
whether speculation over the possibility of instrumental or 
cesarean delivery should justify the change from epidural 
to spinal. An epidural block, when properly managed, does 
not necessarily increase the incidence of forceps delivery 
(5-7); and, in case a forceps or cesarean delivery should be 
required, a subarachnoid block would be indicated only at 
that time. 

Continuous spinal anesthesia can and has been used for 
labor, but must be at a concentration low enough to 
preserve the patient’s motor functions. In the case de- 
scribed, however, both 0.75% hyperbaric and 0.5% isobaric 
bupivacaine were potent enough for surgical anesthesia 
with reduction of motor function. Therefore, it was not 
surprising that an “elective” cesarean section was required 
16 h later because of failure to progress. 

Our experience correlates with reports of others (8-12) 
that the major clinical virtue of isobaric spinal anesthetics is 
that the position or configuration of the patient has minimal 
effect on distribution of the anesthetic. Unless an excessive 
volume or dose is used, an isobaric spinal rarely produces 
a level of analgesia higher than the midthoracic area. The 
increased analgesia level on the right side of the patient 
cited was not likely to have been caused by the additional 
1 mL of 0.5% isobaric bupivacaine. Although this solution 
is slightly hypobaric and may have “floated up” when the 
patient was in a 60° head-up position with left uterine 
displacement, it is hard to imagine that this isobaric solu- 
tion reached an area that a hyperbaric solution could not, 
even after multiple position maneuvers. To insert a needle 
or catheter into epidural or subarachnoid space in a patient 
with severe kyphoscoliosis can be technically difficult. 
Nonetheless, once the needle or the catheter is properly 
placed, the spread or distribution of the anesthetics admin- 
istered generally occurs without incident. This is especially 
true in subarachnoid block. 
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Finally, we fail to see the reason for leaving the spinal 
catheter in place for 12 h postoperatively after 0.4 mg of 
morphine was given. It is well documented that intrathecal 
administration of that dose of morphine will produce 
postoperative analgesia for more than 20 h (13,14). 


Hwa-Kou King, M.D. 
Daniel J. Wooten, M.D. 
Department of Anesthesiology 


Benedict S. Liao, M.D. 

Department of Obstetrics and Gynecology 
King/Drew Medical Center 

Charles R. Drew University of Medicine and Science 
12021 South Wilmington Avenue 

Los Angeles, CA 90059 
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In Response: 


King et al. questioned “whether speculation over the pos- 
sibility of instrumental or cesarean delivery should justify 
the change from epidural to spinal.” We agree that “an 
epidural block with sensory loss from T-10 to L-2 is usually 
sufficient . . . during the first stage of labor.” However, our 
patient had two conditions that placed her at increased risk 
for instrumental delivery. First, lumbar scoliosis may be 


associated with distortions in pelvic anatomy predisposing. 


to cephalopelvic disproportion. Second, although this pa- 
tient had undergone surgical repair of congenital heart 
disease, her status was far from normal. The driving force 
for her pulmonary circulation was the right atrial to pulmo- 
nary artery pressure gradient. The patient's cardiovascular 
system had not yet been stressed with the physiologic 
changes associated with labor and delivery. Significant 
increases in pulmonary vascular resistance or rapid de- 
creases in systemic vascular resistance could have de- 
creased pulmonary blood flow and cardiac output. The 
consequent cardiovascular instability would place both the 
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mother and the fetus at risk and increase the chance of 
urgent operative delivery. Our goal, therefore, was to 
provide an anesthetic technique that would allow us to 
(a) provide good labor analgesia, (b) abolish the urge to 
push should we need to do so, and (c) provide a titratable, 
predictable, and rapid anesthetic for urgent or emergent 
delivery. We hoped to avoid general anesthesia because 
(a) it was the patient’s wish to be awake at delivery, 
(b) airway mishap and pulmonary aspiration of gastric 
contents still constitute the majority of maternal deaths due 
to anesthesia, and (c) positive pressure ventilation intraop- 
eratively with increased intrathoracic pressures may have 
decreased venous return and pulmonary blood flow. 

In response to the statement that “in case a forceps or 
cesarean delivery should be required, a subarachnoid block 
would be indicated only at that time,” we believe that the 
risk of excessively high levels of anesthesia or total spinal 
after the superimposition of a spinal block on an existing 
epidural block in the parturient is unacceptably high. 
Furthermore, we wanted a technique that allowed a greater 
degree of control than a single bolus spinal would give us. 

King et al. stated that “it was not surprising that an 
‘elective’ cesarean section was required” because “both 
0.75% hyperbaric and 0.5% isobaric bupivacaine were po- 
tent enough for surgical anesthesia with reduction of motor 
function.” Although preservation of motor function may be 
important in the second stage of labor, several studies have 
demonstrated that spinal block up to the first thoracic (T) 
dermatome did not affect frequency, intensity, or tonus of 
uterine contractions provided hypotension was avoided 
(1). Our patient’s progress was arrested in the first stage of 
labor despite oxytocin augmentation. 

The spinal catheter was left in place for 24 h postopera- 
tively (a) to provide anesthesia should any bleeding de- 
velop requiring reoperation and (b) to provide sympathetic 
block and vasodilation should cardiovascular decompensa- 
tion occur with the resolution of the sympathectomy, 
return of vascular tone, and the dramatic increase in cardiac 
output in the immediate postpartum period. 

Finally, we agree with all of Dr. King’s comments 
regarding the effects of baricity and vertebral abnormalities 
on the spread of anesthesia. We, too, were surprised by our 
inability to achieve an adequate sensory level in both the 
epidural and continuous spinal techniques using relatively 
large doses of local anesthetics. We cannot explain why we 
were able to raise the level of sensory block on the right 
with the addition of an isobaric solution; we can only 
speculate on the possibilities and present the case to other 
experienced anesthetists for comments. 


Deborah H. Moran, MD 
Department of Anesthesia 
Bowman Gray School of Medicine 
Winston-Salem, NC 27104 
Mark D. Johnson, MD 
Department of Anesthesia 
Brigham and Women’s Hospital 
Boston, MA 02115 
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A Method of Introducing 
Aerosolized Medications Into the 
Anesthesia Circuit 


To the Editor: 


The availability of pressurized aerosol cannisters has facil- 
itated endotracheal delivery of drugs. Occasionally, how- 
ever, the adapter by which these units are connected to the 
anesthesia circuit is missing, causing delay of treatment 
until a new adapter is found. We describe a simple tech- 
nique that permits fast and reliable administration of drugs 
from metered inhalation aerosol containers. 

The cap of the gas sampling port on the elbow piece of 
the anesthesia circuit (e.g., Vital Signs) is removed, pierced 
in the center with an 18-gauge needle, and then replaced on 
the port. The stem of the cannister is then placed against 
the hole in the cap and pressed down firmly during 
inspiration (Figure 1). This system is assembled quickly and 
easily and is capable of delivering the measured amount of 
aerosolized drug into the endotracheal tube. 


Keith J. Ruskin, MD 
Levon Capan, MD 
Department of Anesthesiology 
School of Medicine 

NYU Medical Center 

550 First Avenue 

New York, NY 10016 
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Interdisciplinary Pain Management 


International Anesthesiology Clinics, 

Volume 29, No. 1 

Philip W. Lebowitz, ed. Boston: Little Brown, 1991, 109 
pp, $38 single issue or $81.00 subscription for four issues. 


This is an excellent and concise review of selected topics in 
the area of pain management. The book covers a broad 
array of topics ranging from the psychologic aspects of pain 
to neurolytic blocks in cancer pain. Also included are 
reviews of pediatric pain management, low back pain, and 
reflex sympathetic dystrophy. This represents a rare book 
in the area that is to-the-point and easy to read in a short 
period of time. Clinicians not involved in pain manage- 
ment, as well as those with extensive experience, will find 
this book of value. It is, however, not meant to be nor will 
it suffice as a textbook of pain management. 

The first chapter discusses one of the most important 
points to be made about this field: that the treatment of 
patients with chronic pain requires a multidisciplinary 
approach. No longer should solitary clinicians treat pain as 
a unimodal entity, but rather as a complex intertwining of 
psychologic, physical, and emotional factors. Pain clinics 
should have on hand the advice of a psychologist or 
psychiatrist, neurologist, neurosurgeon, occupational ther- 
apist, physical therapist, and anesthesiologist. The advan- 
tages of using the multidisciplinary approach in relation to 
outcome are discussed. Practical problems with billing and 
reimbursement are also addressed. 

The chapter on the psychologic aspects of pain provides 
the anesthesiologist with several models with which to 
view a patient's pain “ordeal.” This information is often 
overlooked by anesthesiologists too firmly grounded in the 
practice of physical medicine. 

The chapter on pediatric pain management is notewor- 
thy as it points out once again that children have real pain, 
which deserves to be treated with appropriate drug doses, 
and that it is safe to do so. The chapter addresses issues 
such as treating brief acute pain for invasive procedures 
and supplies several useful tables that contain dosages of 
opioid and nonsteroidal antiinflammatory drugs. The au- 
thors conclude that “to improve the treatment of pediatric 
pain, the attitudes of doctors, nurses and parents must 
change.” This should be understood by the reader of this 
chapter if nothing else. 

A brief chapter on chronic benign orofacial pain and 
dysfunction is essentially a concise review on temporoman- 
dibular joint disorders. Included is an outline of a clinical 
approach to evaluating such disorders and a summary of 
possible treatments of which “counseling remains of cardi- 
nal importance.” 

The current concepts on the treatment of low back pain 


©1991 by the International Anesthesia Research Society 


are outlined in a chapter that mentions the importance of 
conservative therapy, but concentrates on the anesthesiol- 
ogists’ major role in the treatment of low back pain—i.e., 
the epidural steroid injection. The reasons for why, when, 
and to whom epidural steroid injections should be admin- 
istered are discussed as are the current controversies and 
complications that may occur. 

In summary, this monograph nicely reviews a number 
of topics in multidisciplinary pain management. It is not a 
synopsis of anesthesia pain practice by any means. How- 
ever, it should suffice to review the major areas of pain 
management for the general clinician not involved in this 
field. The book is also useful for those practitioners expe- 
rienced in pain management who just want to read quickly 
through an updated review. 


Alan Kestenbaum, MD 

John J. Savarese, MD 

The New York Hospital—Cornell University Medical Center 
New York, New York 





Anesthesiology and Pain Management 


T. H. Stanley, M. A. Ashburn, and P. G. Fine, eds. 
Boston: Kluwer Academic Publishers, 1991, 384 pp, 
$130.50. 


The editors of this book are drawn from the University of 
Utah Medical School in Salt Lake City, and the contents 
represent the proceedings of their 36th Annual Post Grad- 
uate Course in Anesthesiology. Although the book does 
not attempt to review all of the latest aspects of acute and 
chronic pain management, the thrust is in terms of a 
summary of the salient aspects of basic science and clinical 
treatments as they relate to the practice of anesthesia. The 
role of the anesthesiologist is introduced by a comprehen- 
sive description of the history of pain management by John 
Bonica and, in a subsequent chapter, the putative role this 
discipline should follow in the future. These are extremely 
informative and provide a valuable reference to both lay 
people and professionals having an interest in the scope of 
pain management. 

The bocok receives its basic science foundations in five 
very succinct chapters by Drs. Yaksh and Basbaum who 
explore central and peripheral mechanisms underlying the 
neurophysiology, neuropharmacology, and humoral as- 
pects of nociception. Although it might have helped the 
reader had the book been divided into two parts, the first 12 
chapters are in fact devoted to the elemental basic and 
clinical knowledge necessary for an understanding of pain 
management. In this refrain, three excellent chapters by Dr. 
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Michael Cousins explore the role of the sympathetic ner- 
vous system in the production of pain, the clinical applica- 
tion of spinal opioids in acute and chronic pain, and the 
current role of neurolytic and neuroablative procedures in 
the control of pain. These chapters are completed by a 
useful review of local anesthetics, the place for regional 
anesthesia in the management of postoperative pain, and 
differential neural blockade by the late Dr. Benjamin 
Covino. 

Although the book deals with acute and chronic pain, it 
places the responsibility for acute and postoperative pain 
directly with the anesthesiologist. No less than 11 chapters 
are devoted to this purpose. Comprehensive chapters on 
the assessment and clinical applications of acute pain, the 
methods of acute pain control, and how to develop an acute 
pain service are described by Dr. Brian Reddy; and the 
historical development, current use, and future place 
among other forms of pain management are discussed by 
Dr. Paul White. Acute pain control in children is discussed 
albeit briefly, and an interesting chapter reviews the place 
for controlled-release morphine in management of pain 
after surgery. 

The last eight chapters focus on a discussion of chronic 
pain management including the interdisciplinary model, 
chronic pain in children, and two excellent chapters in 
which Kathleen Foley discusses the therapeutic strategies 
and role of adjuvant drugs and anesthetic blocks in the 
management of patients with pain and cancer. 

As stated by the editors, the purposes of the textbook 
are to (a) “act as a reference for the anesthesiologist 
attending the meeting” and (b) “serve as a vehicle to bring 
many of the latest concepts in anesthesiology to others 
within a short time of the formal presentation.” Certainly 
both purposes are met, although at some cost. For a 
proceedings, the book is extremely expensive and its price 
will deter many from its purchase simply because much of 
the material is available in other diverse references. It does, 
however, accomplish the objective of providing the entire 
subject within one set of covers. Another casualty of the 
speed with which this book has appeared is the inability of 
the proofreader to capture all the typos that have escaped 
both the authors and editors, such that there is an error rate 
of almost two for every three pages. Another shortcoming, 
probably for the same reason, is the fact that the book lacks 
an index. The book is, however, unique in being probably 
the first to identify a comprehensive role of pain manage- 
ment with anesthesiology and as such it will be useful for 
hospital administrators, health care planners, and depart- 
mental libraries. The book is obviously of interest to those 
who are involved in the treatment of acute and chronic pain 
and could serve as a window for those residents in anes- 
thesiology who might be contemplating a career in anes- 
thesia pain management. 


M. Stanton-Hicks, MD, MB, BS, FC ANESTH 
Cleveland Clinic Foundation 
Cleveland, Ohio 
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Problems in Respiratory Care: Clinical 
Applications of Hyperbaric Oxygen 

R. E. Moon and E. M. Camporesi, eds. Philadelphia: 
Lippincott, 1991, 272 pp, $27.00. 


This book is a brief collection of chapters written by 
individual authors. Topics include the physiology and 
toxicity of oxygen, operational aspects of both multiplace 
and monoplace chambers, treatment of gas poisonings and 
gas bubble disease, and the field management of injured 
divers. The monograph ends with a brief chapter on 
sources of information in this unique field of medicine. 

The preface points out that little has been written on the 
practical and technical aspects of hyperbaric therapy; the 
limited availability of facilities and training in this field 
make a monograph on this subject highly desirable. This 
monograph, however, falls somewhat short of its goal. 
Although there are a few good chapters, the book has no 
consistent theme. For example, the title suggests the book 
covers clinical applications, but only two such applications 
(CO poisoning and gas bubble disease) are discussed in any 
detail. Only three of the nine chapters have anything to do 
with the purpose of the book stated in the preface— 
“, . . practical aspects of hyperbaric care.” Although the 
reviews on oxygen physiology and toxicity are adequate 
and fairly well referenced, they seem a bit out of place ina 
monograph on practical aspects (or clinical applications). 
The section on oxygen toxicity management would have 
been better placed in the oxygen toxicity chapter, as the 
discussed management is not unique to multiplace cham- 
bers. The chapter on monoplace chambers is outstanding 
and contains much useful practical information. The chap- 
ter on gas poisonings, although well written, organized, 
and referenced, also seems a bit out of place for this book, 
especially when discussing poisonings (HCN and H,S) in 
which there is only a conjectural role for hyperbaric ther- 
apy. 

The chapter on gas bubble disease is well written and 
organized. However, as altitude decompression sickness 
has both a different presentation and management, it 
would have been useful to address this area in more detail. 
Consolidation of both decompression sickness and arterial 
gas embolism into a single entity (decompression illness) 
because of the commonality of therapy has not received 
universal recognition and should not be listed as “pre- 
ferred.” Although the difficulty of separating decompres- 
sion sickness from arterial gas embolism and their frequent 
coexistence is real, should therapy dictate diagnosis? It is 
usually the other way around! 

The chapter on field management was disappointing. It 
is full of jargon, is poorly organized, concentrates on 
commercial saturation diving accidents and equipment for 
unspecified reasons, and is replete with nonrelevant fig- 
ures, lists of supplies, and case reports. Surprisingly, this 
chapter contains almost nothing on the field management 
of diving accidents, or on the transport and transfer of 
injured divers—a vital concern to the predefinitive care in 
diving accidents. The final chapter in this book will be 
useful to newcomers in the field in finding the often 
obscure sources of information dealing with hyperbaric 
physiology and medicine. 
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There are a few topics falling under the heading of 
“practical aspects” that pop up frequently, are occasionally 
difficult, and would have been useful to include in such a 
monograph. How does one manage the claustrophobic 
patient? What are the most effective ways of dealing with 
aural barotrauma in the chamber? What about the conduct 
of CPR in the chamber? Should the chamber be decom- 
pressed for defibrillation? Finally, because of the recog- 
nized deficiency of well-controlled studies establishing the 
efficacy of hyperbaric oxygen in many of its indications, a 
chapter dealing with the design and conduct of clinical 
trials would be most welcome. How does one randomize? 
Is there an effective placebo? How is informed consent 
obtained? What questions need answering? A thoughtful 
discussion along these lines may help many hyperbaric 
practitioners contribute to the growing field of hyperbaric 
medicine. Perhaps. then we can read less of how “Duke 
does it” and more of what are the most effective procedures 
and equipment. 


Roderic G. Eckenhoff, MD 
University of Pennsylvania 
Philadelphia, Pennsylvania 
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therapists or technicians (RRT or CRTT), physician assistants (PA, MMS), and other allied health 
professionals in anesthesia-related practice. 


Special 6-month Membership available for July 1, 1991 to December 31, 1991: $45 ($55 Foreign). 
Annual (1992 Calendar Year) Dues for Members and Associate Members: $95 ($120 Foreign). 


EDUCATIONAL MEMBERSHIP: Open (with certification by program director) to doctors 
(interns/residents) enrolled in anesthesiology training programs; nurses enrolled in nurse anes- 
thesia schools; students enrolled in programs leading to certification as physician assistants, 
respiratory therapists, or technicians. 


Annual Dues for Educational Members: 

. 2 Years beginning July 1991—$98 ($145 Foreign) 2 Years beginning January 1992—$100 ($150 Foreign) 
3 Years beginning July 1991—$148 ($220 Foreign) 3 Years beginning January 1992—$150 ($225 Foreign) 
4 Years beginning July 1991—$198 ($295 Foreign) 4 Years beginning January 1992—$200 ($300 Foreign) 


ON ENN mn Ce AE tia ay A OMT re SNAG AN NAN Nair SS SG SS SS mal a pep Bp INNA NHN i RRO a yO ie ASi E E 


International Anesthesia Research Society 
Suite 140, 2 Summit Park Drive, Cleveland, Ohio 44131-2553 


Please send me___application(s) for: 


O Special 6-month O Membership (] Associate Membership O Educational Membership 
1991 Membership 


Please print clearly: = 5 
ame and Degree/Certification 


Street Address City, State, Zip Code (country) 


Anesthesia and Analgesia 


BACK ISSUES AVAILABLE 


Available at $3.00 per Issue 


Voi. Year Numbers Avaliable Vol. Year - Numbers Available 

33 1954 — 2 3 4 5 6 41 1962 = 2 3 — 5 6 
34 1955 1 2 3 4 5 6 42 1963 m= — 3 4 5 6 
35 1956 1 2 3 4 5 6 43 1964 — — _ — — 6 
36 1957 — — — — — 6 44 1965 1 2 3 4 5 6 
37 1958 1 2 3 4 5 8 45 1966 m 2 S 4 vree g 
38 1959 —- 2 3 4 —- 6 1967 oon 2 3 4 ~=- 6 
39 1960 — — 3 4 5 6 47 1968 — 3 4 5 8 
40 1961 - — — — 4 5 6 48 1969 1 2 3 — 5 — 


Available at $4.50 per Issue 





Vol. Year Numbers Available — Vol. Year l Numbers Available 
49 1970 1 — —_ — 5 6 54 1975 — — 3 — — 6 
50 1971 1 2 — — — — 55 1976 — 2 3 4 5 6 
51 1972 _ 2 3 — — 6 56 ° 1977 1 2 3 4 5 6 
52 1973 1 2 _3 4 5- 6 57 1978 Ss 2 3 4 5 6 
53 1974 _ 2 3 4 om E l . 
l Avallable at $5.50 per Issue 
Vol. Year . Numbers Available 
58 1979 1 2 3 4 5 8 (only six issues published) 
59 1980 — 2 3 4 5 6 —~— 8 9 10 11 12 
60 1981 1 2 3 4 &§ - 6 — — 9 10 11 12 
61 1982 1 2 3 4. 5 6 = — 9 10 11 12 
SINGLE ISSUES PRIOR TO 1964: Write to publisher at address below for information about issues avaliable. 
OTHER PUBLICATIONS AVAILABLE: 
“Basic and Clinical Physiology of the. Liver" (Supplement to Sept-Oct. 1965 issue)—$3. 00. 
Ten-Year (1960-1989) Cumulative Index—$3.00. 
Ten-Year (1970-19798) Cumulative Index—$3.00. 
1982 (58th Congress) Review Course. Lecturea—$5.00. 1987 (61st Congress) Review Course Lectures-—-$6.00. 
1983 (57th Congress) Review Course Lectures-~$5.00. . 1988 (62nd Congress) Review Course Lecturea——$10.00. 
1984 (58th.Congress) Review Course Lectureas—$6.00. : 1989 (83rd Congress) Review Course Lecturea—$10.00. 
1985 (69th Congress) Review Course Lectures —$6.00. 1890 (64th Congress) Review Course Lectures —$10.00. - 
1986 (60th Congress) Review Course Lectures—$6.00. 1991 (65th Congress) Review Course Lectures-—-$10.00. 


International Anesthesia Research Society 
2 Summit Park Drive, Suite 140 - 
Cleveland, Ohio 44131 sf 


= `- 


Please send me the publications circied above, listed hereunder, or entered on attached sheet: 





O Check for $ enclosed. 

O. Please send bill with understanding that ordered material will be sent when payment is received. 
Name 
Address 
Oty, State, Zip 


Requests for single issues beginning with Vol. 62, for the Ten-Year Cumulative Index (1975-1984), and for the Ten-Year Cumulative Index 
(1980-1989) should be sent to Elsevier Science Publishing Co., Inc., Journal Customer Service Department, 655 Avenue of the Americas, New 
York, New York 10010. 
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Crucial Parameters in Selecting 
a Neuromuscular Blocking Agent 


Norcuron® 
(vecuronium bromide) 
for injection 















Atracurium besylate 



















Statistically significant variations 
in blood pressure, cardiac output, 
and systemic vascular resistance. ! 
(P<.05) 












No significant variations in blood 
pressure, cardiac output, or 
systemic vascular resistance. ! 


HEMODYNAMICS 


Precautions advised for patients 
in whom substantia! histamine 
release would be hazardous 
(eg, clinically significant 
cardiovascular disease, asthma)® 












Available clinical experience 
indicates that reactions commonly 
associated with histamine release 
are unlikely to occur.'4 













HISTAMINE 







RECOVERY 


To 25% of control 








39—49 min” 
60-70 min® 


25—495 min? 
45—65 min? 


















To 95% of control 





Initial recommended dose is 
0.4-0.5 mg/kg. 

A moderate histamine release and 
significant falls in blood pressure 


have been seen following a dose of $ i 
0.5 mg/kg (P<.05) and 0.6 mg/kg*?-?-6 Hi ee 


2-year shelf life under constant 
refrigeration. 


Upon removal from refrigeration 
to room temperature storage, 
use within 14 days even if 
rerefrigerated.° 








The initial recommended dose is 
().08—0.1 mg/kg. 


Dose can be increased up to 

0.28 mg/kg for long cases without 
significant histamine release or 
related cardiovascular side effects. ! 3-4 











DOSING 
FLEXIBILITY 





















2-year shelf life in lyophilized form 
at room temperature. t 

Can be reconstituted with various 
IV solutions including Lactated 
Ringers. + 









STORAGE & 
SHELF LIFE 


yy) 








*Dose of atracurium above 0.5 mg/kg is not recommended. {Storage after reconstitution varies with solution. See package insert. 
tAs originally supplied by the respective manufacturers. 
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(vecuronium bromide) for injection 


Betore prescribing, please consult complete product information, a summary of which follows: 


THIS DRUG SHOULD BE ADMINISTERED BY ADEQUATELY TRAINED INDIVIDUALS FAMILIAR WITH ITS 
ACTIONS, CHARACTERISTICS, AND HAZARDS. 


CONTRAINDICATIONS: Norcuron® is contraindicated in patients known to have a h persensitivity to it. 
WARNINGS: NORCURON® SHOULD BE ADMINISTERED IN CAREFULLY ADJUSTED DOSAGE BY OR UNDER THE SUPERYI- 
SION OF EXPERIENCED CLINICIANS WHO ARE FAMILIAR WITH ITS ACTIONS AND THE POSSIBLE COMPLICATIONS THAT 
MIGHT OCCUR FOLLOWING ITS USE, THE DRUG SHOULD NOT BE ADMINISTERED UNLESS FACILITIES FOR INTUBATION 
ARTIFICIAL RESPIRATION. OXYGEN THERAPY, AND REVERSAL AGENTS ARE IMMEDIATELY AVAILABLE. THE CLINICIAN 
MUST BE PREPARED TO ASSIST OR CONTROL RESPIRATION. In patients who are known to have myasthenia gravis or the 
myasthenic (Eaton-Lambert) syndrome, small doses of Norcuron® may have profound effects. fp such patients, a peripheral 
= Stimurator and use of a small test dose may be of value in monitoring the response to administration ot muscle 
relaxants. 
PRECAUTIONS: General: Limited data on histamine assay and available Clinical expenence indicate that hypersensitivity 
reactions such as bronchospasm, flushing, redness, hypotension, tachycardia, and other reactions commonly associated 
with histamine release are unlikely to occur. 
Renal Failure: Norcuron* is weil tolerated without clinically significant prolongation of neuromuscular blocking effectin 
patients with renal failure who have been optimally prepared for surgery by a be Under emergency conditions in anephric 
patients some prolongation of neuromuscular blockade may occur: therefore, i anephric patients cannot be prepared for non- 
elective surgery, a lower initial dose of Norcuron® shouid be considered. 
Altered Circulation Time: Conditions associated with siower circulation time in cardiovascular disease, old age, edematous 
States one in increased volume of distribution may contribute to a delay in onset time, therefore dosage should not be 
increased. 
He Disease: Limited experience in patients with cirrhosis or cholestasis has revealed prolonged recovery time in keeping 
ith the role the liver plays in Norcuron® metabolism and excretion. Data currently available do not permit dosage 

recommendations in patients with impaired liver function. 

term Use in 1.€.U.: in the intensive care unit, in rare cases, long-term use of neuromuscular blocking drugs to facilitate 
mechanical ventilation may be associated with proionged paralysis and/or skeletal muscle weakness that may be first noted 
during attempts to wean such patients from the ventilator. Typically, such patients receive other drugs such as broad spectrum 
antibiotics. narcotics angor steroids and may have electrolyte imbalance and diseases which lead to electrolyte imbalance. 
hypoxic episodes of varying duration, acid-base imbalance and extreme debilitation, any of which may enhance the actions of 
a neuromuscular blocking agent. Additionally, patients immobilized for extended penods frequently develop symptoms. 
consistent with disuse muscle atrophy. Therefore, when there is a need for long-term mechanical ventilation, the benefits-to- 
risk ratio of neuromuscuiar blockade must be considered. Continuous infusion or intermittent bolus dosing to support 
mechanical ventilation has not been studied sufficiently to support dosage recommendations. 

UNDER THE ABOVE CONDITIONS, APPROPRIATE MONITORING, SUCH AS USE OF A PERIPHERAL NERVE STIM- 
ULATOR, TO ASSESS THE DEGREE OF NEUROMUSCULAR BLOCKADE, MAY PRECLUDE INADVERTENT EXCESS DOSING. 
Severe —_ ot uscular Disease: Patients with severe obesity or neuromuscular disease may pose airway andor 
Hein problems requiring special care before. during and after the use of neuromuscular blocking agents such as 

orcuron®. 
ron aoe ja: Many drugs used in anesthetic practice are suspected of beng capabie of triggering a potentially 
fatal hypermetabolism ot skeletai muscle known as malignant hyperthermia. There are insufficient data derived from screening 
in Susceptible animals (swine) to establish whether or not Norcuron® is capable of triggering malignant hyperthermia. 
C.N.S.: Norcuron® has no known effect on consciousness, the pain threshold or cerebration. Administration must be 
accompanied by adequate anesthesia or sedation. 

Drug interactions: Prior administration of succinyicholine may enhance the neuromuscular blocking effect of Norcuron® 
(vecuronium bromide} for injection and its duration of action. If succinylcholine is used before Norcuran®, the administration 
of Norcuror® should be delayed until the succinyichoiine effect shows signs of wearing off With araneon as the 
intubatin aen initial doses of 0.04-0.06 mg/kg of Norcuron® may be administered to produce complete neuromuscular 
block with clinical duration of action of 25-30 minutes. The use of Norcuron® before succinyicholine. in order to attenuate 
some of the side effects of succinyicholine, has not been sufficiently studied. 

Other nondepolarizing neuromuscular blocking agents act in the same fashion as does Norcuron™, therefore these drugs 
and Norcuron® may manifest an additive effect when used together. There are insufficient data to support concomitant use 
of Norcuron® and other competitive muscle relaxants in the same patient. 
inhalational : Use of volatile inhalational anesthetics with Norcuron® will enhance neuromuscular blockade. 
Potentiation is most prominent with use of enflurane and isoflurane. With the above agents the initial dose of Norcuron® may 
be the same as with balanced anesthesia unless the inhalational anesthetic has been administered for a sufficient time at a 
sufficient dase to have reached clinical equilibrium. 

: Parenteral/intraperitoneal administration of high doses of certain antibiotics may intensity or produce neu- 
romuscular block on their own. The following antibiotics have been associated with various degrees of paralysis: ami- 
noglycasides (such as neomycin, Streptomycin. kanamycin. gentamicin. and dihydrostreptomycin): tetracyclines: bacitracin: 

iymyxin B; colistin: and sodium colistimethate. 
Dier. Experience concerning injection of quinidine during recovery from use of other muscle relaxants suggest that recurrent 
aly be may occur. This possibility must also be considered for Norcuron®. Norcuron® induced neuromuscular blockade 

as been counteracted by alkalosis and enhanced by acidosis in experimental animais {cat}. Electrolyte imbalance and 
diseases which lead to eectrolyte imbalance, such as adrenal cortical insufficiency, have been shown to alter neuromuscular 
blockade. Depending on the nature of the imbalance, either enhancement or inhibition may be expected. Magnesium salts, 
administered for the management of toxemia of pregnancy, may enhance the neuromuscular blockade. 
Drug/laboratory test interactions: None known. 
Carcinogenesis, Mutagenesis, of Fertility: Long-term studies in animals have not been performed to evaluate 
carcinogenic or mutagenic potential or impairment of fertility. ; . 
Pregnancy: Pregnancy Category C: Animal reproduction studies have not been conducted with Norcuron® Norcuron* 
shouid be given to a pregnant woman only if clearly needed. 
Pediatric Use: infants under 1 year of age but older than 7 weeks, also tested under halothane anesthesia, are moderately 
more sensitive to Norcuron® on a mg/kg basis than adults and take about 1¥2 times as long to recover. information presently 
available does riot permit recommendations for usage in neonates. Se ede tee 
ADVERSE REACTIONS: Norcuron® was well tolerated and produced no adverse reactions during extensive clinical trials. The 
most frequent adverse reaction to nondepolarizing blocking agents as a class consists of an extension of the drug's 
pharmacological action beyond the time period needed. This m vary from skeletal muscie weakness to profound and 
prolonged skeletal muscle paralysis resulting in respiration insufficiency or apnea. 

Inadequate reversal of the neuromuscular blockade is possible with Norcuron® as with afl curariform drugs. These 
adverse reactions are managed by manual or mechanical ventilation until recovery is judged adequate. Little or no increase 
in intensity of blockade or duration of action of Norcuron® is noted from the use of thiobarbiturates. narcotic analgesics, 
nitrous oxide, or droperidol. See OVERDOSAGE for discussion of other drugs used in anesthetic practice which also cause 
respiratory depression. l 

olonged paralysis and/or skeletal muscle weakness have been reported after long-term use to support mechanical 
ventilation in the intensive care unit. (see PRECAUTIONS). 

Bronchospasm, flushing, redness. hypotension and tachycardia have been reported in very rare instances. 
OVERDOSAGE: The possibility of iatrogenic overdosage can be minimized by caretully monitoring muscle twitch response to 
peripheral nerve stimulation. l 

Excessive doses of Norcuron® produce enhanced pharmacological effects. Residual neuromuscular blockage beyond the 
time period needed may occur with Norcuron® as with other neuromuscular blockers. This may be manifested by skeletal 
muscle weakness, decreased respiratory reserve, low tidal volume, or apnea. A peripneral nerve stimulator may be used to 
assess the degree of residual neuromuscular blockade from other causes of decreased respiratory reserve. . 

Respiratory depression may be due either wholly or in part to other drugs used during the conduct of general anesthesia 
such as narcotics. thiobarbiturates and other central nervous system depressants. Under such circumstances, the primary 
treatment is maintenance of a patent airway and manual or mechanical ventilation until complete recovery of normal 
respiration is assured. Regonol® (pyridostigmine bromide) injection, neostigmine. or edrophonium, in conjunction with 
atropine or glycopyrroiate will aay antagonize the skeletal muscle relaxant action of Norcuron®. Satistactory reversal 
can be judged by adequacy of skeletal muscle tone and by adequacy of respiration. A peripheral nerve stimulator may afso 
be used to monitor restoration of twitch height. Failure of prompt reversal (within 30 minutes) may occur in the presence of 
extreme cebilitation, carcinomatosis, and with concomitant use of certain broad spectrum antibiotics, or anesthetic agents 
and other drugs which enhance neuromuscular blockade or cause respiratory depression of their own. Under such 
circumstances the man is the same as that of prolonged neuromuscular blockade. . 
DOSAGE AND ADMINISTRATION: Before prescribing. please consult complete product information. Norcuron® (vecuronium 
bromide) for injection is for intravenous use only. This drug should be administered by or under the supervision of 
experienced clinicians familiar with the use of neuromuscular blocking agents. Dosage must de individualized in gach case. 
The dasage information which follows is derived from studies based upon units of drug per unit of body weight and is- 
intended to serve as a guide only. especially regarding enhancement of neuromuscular blockade of Norcuron® by volatile 


A42 


` 


anesthetics and by prior use of succinyicholine (see PRECAUTIONS/Drug Interactions). Parenteral drug products should be 
ee for particulate matter and discoloration pricr to administration whenever solution and container permit. 

0 obtain maximum clinical benefits of Norcuron* and to minimize the possibility of overdosage. the monitoring of 
muscie twitch response to peripheral nerve stimulation is advised. 

The recommended initial dose of Norcuron* is 0.08 to 0.10 mg/kg (1.4 to 1.75 times the Eq} given as an intravenous 
bolus injection. This dose can be expected to produce good or excellent non-emergency intubation conditions in 2.5 to 3 
minutes after injection. Under balanced anesthesia, clinically required neuromuscular blockade lasts approximately 25-30 
minutes, with recovery to 25% of control achieved approximately 25 to 40 minutes after injection and recovery to 95% of 
control achieved approximately 45-65 minutes after injection. in the presence of potent inhalation anesthetics. the 
neuromuscular blocking effect of Norcuron® is enhanced. if Norcuron® is first administered more than 5 minutes after the 
start of inhaiation agent or when steady state has been achieved. the initial Norcuron® dose may be reduced by 
approximately 15%, i.e., 0.060 to 0.085 mg/kg. 

Prior administration of succinyicholine may enhance the neuromuscular peep effect and duration of action of 
Norcuron*. If intubation is performed using succinyicholine, a reduction of initial dose of Norcuron® to €.04-0.06 mg/kg 
with inhalation anesthesia and 0.05-0.06 mg/kg with balanced anesthesia may be required. 

During prolonged surgical procedures. maintenance doses of 0.010 to 0.015 mg/kg of Norcuron® are recommended: = 
after the initial Norcuron’® injection, the first maintenance dose wil generally be required within 25 to 40 minutes. However, “pe. 
clinical criteria should be used to determine the need for maintenance doses. Since Norcuron® lacks Clinically important , 
cumulative effects, subsequent maintenance doses. if required, may be administered at relatively regular intervals for each 
patent ranging approximately from 12 to 15 minutes under balanced anesthesia, slightly longer under inhalation agents. (if 
ess frequent administration is desired, higher maintenance doses may be administered.) 

Should there be reason for the selection of larger doses in individual patients, initial doses ranging from 0.15 mg/kg up 
to 0.28 mg/kg have been administered during surgery under halothane anesthesia without ili effects to the cardiovascular 
led being noted as long as ventilation is properly maintained. 

by Continuous infusion: After an intubating dose of 80-100 g/kg. a continuous infusion of 1 n.9/kg min can be initiated 
approximately 20-40 min later. Infusion of Norcuron® should be initiated only after early evidence of spontaneous recovery 
from the bolus dose. Long-term intravenous infusion to support mechanical ventilation in the intensive care unit has not been 
Studied sufficiently to support dosage recommendations. isee PRECAUTIONS). 

The infusion of Norcuron® shouid be individualized for each patient. The rate of administration shouid:be adjusted 
according to the patient's twitch response as determined by peripheral nerve stimulation. An initial rate of 1 ag kg/min is 
recommended, with the rate of the infusion adjusted thereafter to maintain a 90% Suppression of twitch response. Average 
infusion rates may range from 0.8 to 1.2 pa’kg/min. 

inhalation anesthetics, particularly enflurane and isoflurane. may enhance the neuromuscular blocking action of non- 
depolarizing muscle relaxants. In the presence of steady-state concentrations of enflurane or isoflurane, # may be 
necessary to reduce the rate of infusion 25-60 percent, 45-60 min after the intubating dose. Under halothane anesthesia it 

not be necessary to reduce the rate of infusion. . 
pontaneous recovery and reversal of neuromuscular blockade following discontinuation of Norcuror® infusion may be 
expected to proceed at rates comparable to that following a single bolus dose. 

infusion solutions of Norcuron® can be prepared by mixing Norcuron® with an appropriate infusion salution such as 5% 
ae n water, 0.9% NaCi, 5% glucose in saline, of Lactated Ringers. Unused portions of infusion sowtions shouid be 

iscarded. 

infusion rates of Norcuron® can be individualized for each patient using the following table: 


Drug Delivery Rate Infusion Delivery Rate 
(ig/kg/min} 0.1 mgm’ (mL/kg/min) 0.2 mgmL? J 
0.7 0.007 0.0035 
0.8 0.008 0.0040 
0.9 0.009 0.0045 
1.0 §.010 0.0050 
1.4 0.011 0.0055 
1.2 0.012 § 0060 
13 0.013 0.0065 


"10 mg of Narcuron™ in 100 mL solution 
t20 mg of Norcuron® in 100 mL solution 


The following table is a guideline for mL/min delivery for a solution of 0.1 mg/ml (10 mg in 100 mL) with an infusion pump. 
NORCURON® INFUSION RATE — mLMIN 


Amount of Drug Patient Weight ~ kg 
ukami 40 50 60 70 80 90 160 
0? 0.28 0.35 0.42 0.49 0.56 0.63 0.70 
08 §.32 0.40 0.48 0.56 0.64 0.72 0.80 
0.9 0.36 0.45 0.54 0.63 0.72 0.81 0.90 
1.0 0.40 0.50 0.60 0.70 0.80 0.90 1.00 
1 0.44 0.55 0.66 0.77 0.88 0.99 1.10 
12 0.48 0.60 0.72 0.84 0.96 1.08 1.20 
13 9.52 0.65 0.78 0.91 1.04 ti? 1.30 


NOTE: It a concentration of 0.2 mgmt is used (20 mg in 100 mL), the rate should be decreased by one-half, 


Dosage in Children: Oider children (10 to 17 years of age) have approximately the same dosage requirements (mg/kg) as 
adults and may be managed the same way. Younger children (1 to 10 years of age) may require a Slightly higher initial dose 
and may also require supplementation slightly more often than adults. infants under one year of age bu' older than 7 weeks 
are moderately more sensitive to Norcuron® on a mg/kg basis than adults and take about 11 times as leng to recover. See 
also subsection of PRECAUTIONS titled Pediatric Use. Information presently available does not permit recommendation on 
usage in neonates (see PRECAUTIONS). There are insufficient data conceming continuous infusion of vecuronium in children. 
therefore. no dosing recommendation can be made. 
COMPATIBILITY: Norcuron® is compatible in solution with: 
0.9% NaC! solution 
5% Glucose in water 
Sterile water for injection 
Use within 24 hours of mixing with the above solutions. 
Parenteral drug products should be inspected visually for particulate matter and discoloration prior te administration 
whenever solution and container permit. 
STORAGE: 15-30°C (59-86°F). Protect from light. 
AFTER RECO No 
+ When reconstituted with supplied bacteriostatic water for injection: CONTAINS BENZYL ALCOHOL. WHICH IS NOT 
INTENDED FOR USE IN NEWBORNS. Use within 5 days. May be stored at room temperature or refrigerated. 
When reconstituted with sterile water for injection or other compatible 1.V. solutions: Refrigerate vial. Use within 24 hours. 
Single use only. Discard unused portion. REV. 389 
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DOCTORS MEDICAL CENTER is 
seeking proposals for exclusive 
contracts for anesthesia services. 
One contract will be awarded for 
Cardiac Anesthesia Services and 
a second contract will be awarded 
for all non-cardiac anesthesia. 
Contracting physicians must be 
Board Certified or Board Eligible 
and have excellent interpersonal skills that will enable 
them to develop strong relationships with surgeons and 
other members of the medical staff. 


Doctors Medica! Center is an acute care hospital with 
350 operational beds. The facility provides a full range of 
services including heart surgery, neurosurgery, and a 
very active obstetric program. The hospital is currently 
undergoing an extensive expansion which is scheduled 
for completion in October of 1992. When completed this 
will increase the number of operating rooms from the 
current level of eight to fifteen. 


Doctors Medical Center is located in Modesto, California, 
one of the fastest growing areas in California. Modesto is 
centrally located and provides easy access to many of 
Northern California's attractions and recreational areas. 


This solicitation will remain open until! November 30, 
1991. interested parties should contact the Medical Staff 
Offices at Doctors Medical Center, 1441 Florida Avenue, 
Modesto, California 95350, Telephone (209) 576-3688, to 
obtain a “Request for Proposals for Anesthesia Serv- 
ices.” 








EEG AND EVOKED POTENTIALS: 
INTRAOPERATIVE AND ICU MONITORING 


January 3 - 5, 1992 

The Buena Vista Palace 
Lake Buena Vista, Flonda 

in Walt Disney Wortd Village 





Course Directors: Betty Grundy, M.D., Michael Mahla, M.D., 
and William Friedman, M.D. 


FACULTY: Geraldine Chadwick, M.A. C. Michael Harper, M.D. 
Robin Gilmore, M.D. Rhonda Richards, B.A. 
Salvatore Goodwin, M.D. Frank Sharbrough, M.D. 
Kathryn Toney, B.S. 


Learn all YOU need to know about EEG 
and Evoked Potential Monitoring 


A distinguished faculty wil present indications, methods, and inter- 
pretation techniques for EEG and evoked potential monitoring. Par- 
ticipants will be divided into small groups for a more personal, 
hands-on approach using a wide variety of EEG and evoked potential 
systems. 


Course tuition is $450 ($£00 after Nov. 30, 1991). Cancellation of 
registration by written notification only prior to Dec. 1, 1991. There 
is a $50 cancellation fee. This program has been approved for 19 
hours of Category I credit toward the Physicians Recognition Award 
of the American Medical Association. 


For complete information contact Mrs. Carolyn Schoenau, 
Program Coordinator, Anesthesiology Alumni Association of 
Florida. Inc. Post Office Box 13417, Gainesville, Florida 32604 
or vou may call (904) 392-8959 or FAX (904) 392-7026. 





Sponsored by: Department of Amsthesiuiogs, University of Florida 
and Anesthesiology Ahann: Association af Hartda, ine. 
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INTERNATIONAL ANESTHESIA RESEARCH SOCIETY 


THE B.B. SANKEY ANESTHESIA ADVANCEMENT AWARD 


1992 B.B. SANKEY 
ANESTHESIA ADVANCEMENT AWARD 


Applications for up to $25,000 are invited for the 1992 Award, subject to the 


following basic conditions: 


è The proposal must be within the general field of anesthesiology and may be for 
research, clinical care, education, or administration. 





èe The applicant must be a member of the International Anesthesia Research 
Society. 

è Applications must be received in the IARS Cleveland office no later than 
December 13, 1991. Where relevant, applications must include institutional 
approval of human studies and/or animal research. 

è The official application for the Award must be used. This form, as well as the 
guidelines for applicants, is available on request to: 


v International Anesthesia Research Society 
2 Summit Park Dr., #140 
Cleveland, OH 44131 
Telephone: (216) 642-1124 


The 1992 Award(s) will be announced at the Annual Scientific Meeting (66th 
Congress) of the International Anesthesia Research Society to be held at the San 
Francisco Hilton on Hilton Square, March 13-17, 1992. 


The Arkive System from Ohmeda. 
Realizing the potential of anesthesia information. 
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very surgery generates volumes of 

anesthesia data that could paint a 

panoramic view of patients and 
procedures. That is, if it were precisely 
focused. But, until now the value of this 
information has been limited to what you 
could extract from customary anesthesia 
records. 


Today, you can unlock the full potential of 
this data with the Arkive System—the 
comprehensive patient information system 
with an anesthesia perspective. 


The Arkive System creates a robust 
database through anesthesia workstations 
in the O.R. suite, merging pre-op and post-op 
patient information with automatically 
Captured intraoperative data. Then its utility 
grows further as exclusive Arkive System 
software helps you shape this data into a 
multifaceted information resource. 


With the Arkive System you'll command a 
unique patient care instrument. The 
quantity and quality of data can help you 
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better determine patient status and aid in 
retrospective analyses that can positively 
affect future cases. And its central display, 
together with lessened manual recording, 
can intensify your vigilance over your patient. 


Important, too, will be the contributions that 
the Arkive System can have on other clinical 
areas, including practice management, 
research, teaching, quality assurance. ..even 
charge capture. 


The Arkive System. It is available only 
through a special agreement between 
Ohmeda, recognized leader in anesthesia 
systems, and Diatek, innovator in anesthesia 
information management. And it can be 
used with any anesthesia machine or patient 
monitors so your whole department can 
benefit from powerful data management. 


Call 1-800-345-2700 to arrange a detailed 
presentation of the Arkive System by an 
Ohmeda Arkive System Specialist. 
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Ohmeda 

Ohmeda Drive A BOC Health Care 
Madison WI 53707 7550 USA Company 
1800 345 2700 Critical Care 

A Division of BOC Health Care Inc Worldwide 


* Arkive® is a registered trademark of Diatek Medical Technology, Inc. 





Needles: A Sticky 200 to 300 deaths a year to 

m m healthcare providers. And the 
Situation for number is growing every year. Add 
U.S. Healthcare. 


this fact that the danger is now 
Healthcare workers in Ameri 


-gunded by the AIDS virus and 
can see just how critical 
are facing an epidemic problem 
needle sticks. Each year thousan 


nating needles truly is. 
According to the Center for 
of healthcare workers a 
accidentally 


ease Control in Atlanta, 
gia, a healthcare professional 
nursing hom a one in 200 chance of 
general practic tracting AIDS from a 
can lead to ve aminated needle and industry 
with at least 2¢ ces report that over 800,000 
having been idẹ sticks occur each year in 
in this way. als alone. With these kinds of 
In fact, it is no wonder that the 
Journal of } care professions are seeking 
August 4th 
as 12,000 







































ns to this massive problem. 

o look at the problem from 
r point of view, consider the 
if this epidemic. It is estimated 
tween $400 million and $1.0 
is spent per year in direct 
arising from needle sticks and 
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fumble with. No 


No Needles. 
No Retrogradi 


No Kidding. 





retrograding to foul your 
delivery. No need for repeated 
connects and disconnects. 
Not only does our ‘‘No-Needles”’ 
product line make great : 
sense for the OR, but in ICU 
@ and CCU as well. 

So if you’re ready to say no to the 
needle, say yes to Quest. Quest Medical’s “No 
Needles” Anesthesia Sets. Fax us today on your 
letterhead for a free sample. That fax number is 
214-387-0501. Or call us toll-free at 1-800-527-0226. 
(In Texas call collect 214-387-2740). 


this range does not include treatment 
or loss of work. In other words, 
aside from the human suffering 
associated with the infamous needle 
stick, the pocket book is infected, 
too. 

One of the solutions to this huge 
problem facing the healthcare field 
today is the reduction of the total 
number of needles used in practice. 
One example of how the demand for 
needles can be reduced is the 
utilization of I.V. sets that provide 
luer connections which do not 
require needles. 

With more than an estimated 
l-million needle sticks per year, the 
situation is getting worse, not better. 
Until a solution is found, the 
American healthcare system will be 
under siege from the needle. What 
was once designed to deliver healing 
is now dealing misery - the needle: a 
Sticky situation the U.S. healthcare 
profession must face. 





When it comes to anesthesia sets, 
there is an innovative idea that could 
simplify your drug administration. 
Introducing the Quest ‘‘No-Needles”’ 
Anesthesia Sets. 

Simply and safely luer lock your 
syringes or I.V. lines directly to our unique 
sets and administer medications as needed. 


No needles to mess with. 
No stopcocks to 


Bringing a dose of common sense to Medicine 





fe) Quest Medical, Inc. ¢ 4103 Billy Mitchell Dr. Dallas, TX 75244-9880 
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Cardiac 
Anesthesiologists 


Cardiac and general anesthesiologists 
needed to join our team of 25 MDs, over 30 
CRNAs and over 30 residents at Albany 
Medical College. Interest in teaching and 
research is highly desirable. The Albany 
Medical Center is a 660-bed, tertiary care 
facility with 20 newly renovated OR suites 
equipped with state-of-the-art instrumenta- 
tion. Well established cardiac surgery 


program provides treatment for 1300 
patients annually. 


Benefits package includes generous 
leave time, health and dental plan, 
malpractice and life insurance. Inter- 
ested applicants should send CV and 3 
references to: 


Philip D. Lumb, MB, BS 
Professor and Chairman 
Albany Medical College 
Dept of Anesthesiology 
Mail Code A-131 

Albany, NY 12208 


EEO/AA Employer M/F/H 


"| ALBANY MEDICAL CENTER 
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FELLOWSHIP IN CRITICAL 
CARE HOSPITAL OF THE 
UNIVERSITY OF 
PENNSYLVANIA 


Applications are solicited for a one year 
Critical Care Fellowship beginning in July 
1992. Clinical training will include rotations 
on a combined surgery-anesthesia critical 
care team, a respiratory consultant service, 
a pediatric intensive care service, and a 
medical intensive care service. Research 
time will also be available. Please address 
correspondence with CV to: 


anesthetics in the U.S.A. 





VRE 


m Pioneer in anesthetic purity 


m Lowest price of any potent 
anesthetic 





Ralph T. Geer, M.D. 

Department of Anesthesia 

Hospital of the University of Pennsylvania 
3400 Spruce Street 

Philadelphia, PA 19104-4283 


HALOCARBO 


LABORATORIES 


A division of Halocarbon Products Corporation 


PO. Box 661, River Edge, NJ 07661 
800) 338-5803 









Classified Advertising 





FLORIDA 
BC/BE anesthesiologist for expanding am- 
bulatory group practice. Part time/full time 
with no nights, emergencies, OB, or week- 
ends. Please reply to Box 621C/L. 

621C/L 


POSTDOCTORAL FELLOWSHIP 
Background in clinical medicine or clinical 
research required for studies with patients 
with heart disease undergoing surgery. 
Cardiac function and ischemia assessed 
with ECG, Holter, and echocardiography 
monitoring. Working with cardiologists, 
epidemiologists, and anesthesiologists. Send 
CV and names of three references to Dennis 
T. Mangano, PhD, MD, Professor and Vice 
Chairman, Department of Anesthesia, Uni- 
versity of California, San Francisco, 4150 Cle- 
ment Street (129), San Francisco, CA 94121. 
674E/D 


OHIO 
Anesthesiologist, University Hospitals. 
Must be at least board eligible. Equal Op- 
portunity Affirmative Action Employer. 
Send curriculum vitae to Helmut F. 
Cascorbi, MD, PhD, Professor and Chair- 
man, Department of Anesthesiology, Uni- 
versity Hospitals of Cleveland, 2074 Abing- 
ton Road, Cleveland, OH 44106. 

701G/F 


CARDIOVASCULAR FELLOWSHIP 
OPPORTUNITY 
The Department of Anesthesiology at the 
University of New Mexico School of Medi- 
cine has openings at the CA-4 level for 
advanced training in Cardiovascular Anes- 
thesiology beginning July 1992. The fellow- 
ship is a 2-year, comprehensive program 
designed to train the fellow for a career in 
cardiovascular anesthesiology. Research in 
cardiovascular physiology and anesthesia, 
provision of clinical care for complex adult 
and pediatric cases, participation in confer- 
ences, and teaching responsibilities are part 
of the fellowship experience. Interested in- 
dividuals should contact Jorge Estrin, MD, 
PhD, Professor and Chairman, Department 
of Anesthesiology, University of New Mex- 
ico, 2211 Lomas Blvd. NE, Albuquerque, 
NM 87106; (505) 843-2610. The University 
of New Mexico is an Equal Opportunity, 
Affirmative Action Employer. 

730H/K 


THE UNIVERSITY OF NEW MEXICO 

Department of Anesthesiology has an im- 
mediate opening for a Veterans Adminis- 
tration Chief of Service for Anesthesia at 


the New Mexico Regional Medical Facility 
(VA Hospital) in Albuquerque. Require- 
ments include proven administrative, 
teaching, and leadership abilities, academic 
experience, and board certification. Ap- 
pointment will be at the Associate Profes- 
sor level. Qualified candidates should send 
CV or contact Jorge A. Estrin, MD, PhD, 
Professor and Chairman, Department of 
Anesthesiology, University of New Mexico 
school of Medicine, 2211 Lomas NE, Albu- 
querque, NM 87106; (505) 843-2610. The 
University of New Mexico is an Equal Op- 
portunity, Affirmative Action Employer. 
731H/K 


THE UNIVERSITY OF NEW MEXICO 
Department of Anesthesiology has faculty 
positions beginning July 1992 for the fol- 
lowing: (1) Obstetrical Anesthesia at the 
Assistant, Associate, or Full Professor lev- 
els; (2) Critical Care Medicine at the Assis- 
tant or Associate Professor level. It is ex- 
pected that candidates for CCM positions 
will have or be eligible for subspecialty 
certification. Faculty responsibilities in- 
clude provision of clinical care, teaching, 
and research. Qualified candidates should 
send CV or contact Jorge A. Estrin, MD, 
PhD, Professor and Chairman, Department 
of Anesthesiology, University of New Mex- 
ico School of Medicine, 2211 Lomas NE, 
Albuquerque, NM 87106; (505) 843-2610. 
The University of New Mexico is an Equal 
Opportunity, Affirmative Action Em- 
ployer. 

732H/K 


THE UNIVERSITY OF NEW MEXICO 
Department of Anesthesiology has faculty 
positions at the Instructor, Assistant Pro- 
fessor, and Associate Professor levels be- 
ginning July 1992. Responsibilities include 
teaching of medical students and residents 
and the provision of clinical care in a busy 
tertiary referral center. Opportunities to 
pursue research interest will be provided. 
Experience in cardiac, obstetric, neurosur- 
gical, and pediatric anesthesia is desirable. 
Qualified candidates should address in- 
quiries to Jorge A. Estrin, MD, PhD, Pro- 
fessor and Chairman, Department of Anes- 
thesiology, University of New Mexico 
School of Medicine, 2211 Lomas NE, Albu- 
querque, NM 87106; (505) 843-2610. The 
University of New Mexico is an Equal Op- 
portunity, Affirmative Action Employer. 
733H/K 


PAIN MANAGEMENT FELLOWSHIP 
Unique training opportunity for highly mo- 
tivated, patient-oriented, anesthesiologist 





to participate in strong clinical pain man- 
agement program. Emphasis on compre- 
hensive evaluation and the use of neural 
blockade in the treatment of acute, chronic, 
and cancer pain. Training in interventional 
pain management techniques including im- 
plantable drug delivery systems and CT- 
guided neurodestructive procedures. 
Applicant must possess strong interest in 
regional anesthesia and desire one-on-one 
patient contact. No OR or OB anesthesia 
responsibilities. Applicant MUST be BC/BE 
in anesthesia before beginning training. 
Fellowship period—1 year. Interested ap- 
plicants should send CV to Pain Consor- 
tium of Greater Kansas City, 11111 Nall 
#202, Leawood, KS 66221. 
714H/A 


OHIO i 

ANESTHESIOLOGIST —METROHEALTH 
MEDICAL CENTER. Must be at least board 
eligible. Equal Opportunity Affirmative Ac- 
tion Employer. Send curiculum vitae to Lee 
S. Shepard, MD, Director, Department of 


CLASSIFIED ADS 


Anesthesia and Analgesia makes available classi- 
fied advertising space for those interested in 
obtaining positions or wishing to announce 
meetings, postgraduate courses, or other perti- 
nent events. We require that all advertisements 
be relevant to the practice of anesthesia and 
analgesia, and we reserve the right to refuse 
advertisements that are not relevant. 

Specifications. Ads should be typewritten on 
letterhead stationery; the text should be double- 
spaced, with the title or key ion typed in 
capital letters. Enclose two photocopies with 
each ad. Display space (minimum 4 page) is 
available through Pharmaceutical Media, Inc., 
440 Park Avenue South, 14th floor, New York, 
NY 10016, telephone: (212) 685-5010, FAX: (212) 
683-6126. 

Rates. Ads cost $1.50 per word per insertion, 
with a minimum of 20 words. Abbreviations, 
dates, initials, post office box numbers, tele- 
phone numbers, years, and zip codes are con- 
sidered one word each. There is an additional 
fee of $18.00 per insertion for box number ads.* 

Payment. Full payment or institutional pur- 
chase order must accompany the copy for each 
ad. Ads received without a check or purchase 
order will be returned. (Make checks payable to 
Elsevier Science E nee Inc.) 

Deadline, Copy must be received 7 weeks 


before publication date (i.e., by January 1 for the 

March issue); multiple-insertion ads are wei- 

come. Ads may run “E to 6 months per pur- 
1 


chase order/payment. Please specify in which 
issue(s) your advertisement is to appear. 

Send all ad copy, payments, and correspon- 
dence to. Anesthesia and Analgesia, Classified 
Ads, Desk Editorial, Elsevier Science Publishing 
Co., Inc., 655 Avenue of the Americas, New 
York, NY 10010. 

*When responding to a box number ad, in- 
clude the box number on all correspondence. 
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Anesthesiology, MetroHealth Medical Cen- 
ter, 3395 Scranton Road, Cleveland, OH 
44109. 

727H/A 


INDIANA 
Faculty positions are available at all aca- 


demic ranks for adult anesthesia. Positions 
include teaching and administrative re- 
sponsibilities as well as opportunities to 
pursue research interests. Experience in 
pain management and organ transplanta- 
tion is desirable. All candidates must be 
board certified or board eligible. Individu- 
als appointed to the tenure track will be 
required to maintain an active and ongoing 
research program. Please send curriculum 
vitae to Robert K. Stoelting, Professor and 
Chairman, Department of Anesthesia, In- 
diana University School of Medicine, 1120 
South Drive, Fesler Hall 204, Indianapolis, 
IN 46202-5115. Indiana is an Equal Oppor- 
tunity Employer. 

7431/K 


CHAIRMAN, DEPARTMENT OF 
ANESTHESIOLOGY 
The University of Texas Medical School at 
Houston is seeking candidates for Chair- 
man of its Department of Anesthesiology. 
Interested applicants should send a copy of 
their curriculum vitae to Joseph N. Corriere, 
jr, MD, Chairman, Anesthesiology Search 
Committee, 6431 Fannin, Suite 6018, Hous- 
ton, TX 77030. The University of Texas is an 
Equal Opportunity Employer. 

745K 


NEW YORK 
CA-3 and CA-4 positions at Memorial 
Sloan-Kettering Cancer Center beginning 
July 1992. Advanced clinical and clinician- 
investigator opportunities available in crit- 
ical care medicine, pain management, and 
anesthesia for thoracic surgery. Send CV 
and summary of career goals to Roger 5. 
Wilson, MD, Chairman, Department of 
Anesthesiology and Critical Care Medicine, 
Memorial Sloan-Kettering Cancer Center, 
1275 York Avenue, New York, NY 10021. 
747UK 


ANESTHESIOLOGIST 
Three-man anesthesia group affiliated with 
multispecialty group seeks fourth physi- 
cian for burgeoning practice. Competitive 
compensation benefit package including in- 
centives. For more information contact 
Physician Recruiter, 850 Ridge Lake Boule- 
vard G02, Memphis, TN 38120; (901) 684- 
3423. 

7511/B 


BE/BC ANESTHESIOLOGIST 

SW PA, 300-bed, modern community hos- 

pital to work with three MDs and CRNAs. 

Competitive starting salary with malprac- 

tice and BC/BS. No open heart, minimal 

OB, minimal neuro. Reply to Box 7531/L. 
7531/L. 


UNIVERSITY OF CALIFORNIA, DAVIS 
Four (4) faculty positions at the assistant/ 
associate/full professor levels. Some of 
these may be in the Professor-in-Residence 
series which is academic requiring clinical 
or basic research. Some of these may be in 
the Professor of Clinical Anesthesiology 
series where advancement is based on (1) 
clinical expertise, (2) teaching effectiveness, 
and (3) clinical publications. One position 
requires experience in acute and cancer 
pain management. One position requires 
subspecialty training and experience in pe- 
diatric anesthesia including cardiac and 
pain control. One position requires subspe- 
cialty training and certification in critical 
care to join two other faculty covering ICU 
2-3 months per year. The fourth position 
requires demonstrated clinical teaching and 
interest in clinical studies in any area of 
anesthesiology. Please send letter, curricu- 
lum vitae, and names/addresses of three 
references to John H. Eisele, Jr, MD, Pro- 
fessor and Chairman, Department of Anes- 
thesiology, 2315 Stockton Boulevard, Uni- 
versity of California, Davis, Medical 
Center, Sacramento, CA 95817. The Uni- 
versity of California, Davis, Medical Center 
is an Equal Opportunity/AA Employer. 
Rank and salary are commensurate with 
experience and based on the UCD School of 
Medicine Faculty Compensation Plan. 
Must be board certified or board eligible in 
anesthesiology, and a California medical 
license is required. All applications re- 
ceived by November 30, 1991, will receive 
thorough consideration. 

7581/K 


KENTUCKY 
Full-time anesthesiologist, BC or BE, to fill 
available position immediately.. Excellent 
salary and benefits including 8 weeks vaca- 
tion. Group consists of four MDAs and 12 
CRNAs practicing in a 380-bed hospital in 
western Kentucky on the Ohio River and 
very near two beautiful lakes. Send CV to 
Anesthesiology of Paducah, P.S.C., 2610 
Broadway, Paducah, KY 42001 or call for 
further information: (502) 442-8228. 

7601/K 


NEW YORK 
The STONY BROOK UNIVERSITY MEDI- 
CAL CENTER has CA-1 and CA-2 posi- 
tions available for highly qualified AMGs 
starting January 1992. Interested applicants 
should request applications from Paul J. 
Poppers, MD, Department of Anesthesiol- 
ogy, University Hospital at Stony Brook, 
Stony Brook, NY 11794-8480. (516) 444- 
2975; 

764JK 


BLACK HILLS SOUTH DAKOTA 

Single Hospital Regional Medical Center 
needs one or two anesthesiologists now. 
Care team practice with CRNAs. All spe- 
cialties except cardiac. Low-stress practice. 
Wonderful setting. Clean air. Low crime. 


CLASSIFIED ADS A4S& 


Details: Rapid City Anesthesia Services. 
P.C., P.O. Box 1560, Rapid City, SD 57709 
768/1 


DEPARTMENT OF ANESTHESIOLOGY 

St. Louis University School of Medicine is 
seeking board-qualified or certified full 
time faculty to fill newly created positions 
to meet the needs of the expanding resi 
dency program and new expanding hospi 
tal facility. Training and interests in the 
subspecialty areas of pediatrics, cardiovas 
cular, pain, and neuroanesthesia are desir 
able. These clinical/teacher positions wil 
also promote academic interests and re- 
search development. Participation in the 
residency training program is essential 
The university is committed to affirmative 
action. Inquiries should be directed to Johr 
F. Schweiss, MD, Chairman, Department 
of Anesthesiology, St. Louis University 
School of Medicine, 3635 Vista Avenue a: 
Grand Boulevard, St. Louis, MO 63110- 
0250; telephone (314) 577-8750. 





P72IC. 


MEDICAL DIRECTOR, PAIN 
MANAGEMENT CENTER UNIVERSITY OF 
NEBRASKA MEDICAL CENTER 

Exciting opportunity for motivated, board 
certified/eligible anesthesiologist for faculty: 
position, as the Medical Director of are 
established Pain Management Center. The 
Pain Management Center has an active and: 
growing acute and chronic pain manage~ 
ment program. Position involves direct: 
clinical work with acute and chronic pain. 
patients, supervision and teaching of resi~ 


program development. Prerequisites ine 
clude experience in acute and chronic pair“ 
medicine. Responsibilities include directo 
ship of a multidisciplinary outpatient pai 
control center. 

Position at the Assistant or Associa’ 
Professor level with competitive sala 
commensurate with experience and qual’ 
cations. Excellent and complete compen: 
tion package including bonus potenti 
Full academic participation, didactic aj 
clinical teaching. 

The University of Nebraska Medical G 
ter is designated a Level I trauma ce 
and has an active liver and bone mar 
transplant program among other str 
clinical programs. The Leon S. McGod 
Library of Medicine is one of the s 
designated Midcontinental Regional A 
cal Libraries in the U.S. | 

Send curriculum vitae and two lettq 

reference by December 31, 1991 to [ 
F. Landers, MD, PhD, Chairman, D 
ment of Anesthesiology, University | 
braska Medical Center, 600 South 42 
Omaha, NE 68198-4455. The Univer; 
Nebraska is an Affirmative Action 
Opportunity Employer. 


DIRECTOR, PAIN MANAGEMENT S 
The Department of Anesthesiolog 
Oregon Health Sciences Universi 


"A50 CLASSIFIED ADS 





-ruiting for a Director of our Pain Manage- 
nent Service. The Service encompasses 
“nanagement of acute and chronic pain, 
raining of medical students, residents, and 
a multidisciplinary approach to pain con- 
«rol and has vigorous clinical psychology 
sand neuroimplant components. Excellent 
_Mterdisciplinary relationships exist with 
“Neurosurgery, Orthopedics, and Surgical 
Oncology. Board eligibility in anesthesiol- 
gy or equivalent certification plus training 
vand/or experience in pain management are 
@equired. Research experience and evi- 
edence of productivity are desired. Aca- 
«demic rank for successful candidate will be 
adetermined by qualifications. Candidate 
anust be eligible for Oregon medical license. 
Please send curriculum vitae and names 
wof three references to Wendell C. Stevens, 
MD, Department of Anesthesiology, 
OHSU, 3181 SW Sam Jackson Park Road, 
Portland, OR 97201. The Oregon Health 
"Sciences University is an Equal Opportuni- 
ty/Affirmative Action Employer. 





774)/L 


ASSOCIATE IN PAIN MANAGEMENT 
OREGON HEALTH SCIENCES UNIVERSITY 
SCHOOL OF MEDICINE 
The Department of Anesthesiology at the 
Oregon Health Sciences University School 
of Medicine is recruiting for a full-time 
faculty member at the assistant professor 
level. The successful recruit will have an 
academic appointment in the School of 
Medicine and will have teaching and re- 
search responsibilities in the Pain Manage- 
ment Center of our University Hospital. 
Candidates should have specific training 
mat least 3 months) in pain management 
sand related research and should have expe- 
rience in a multidisciplinary pain manage- 
nent center. Candidates should have an 
aptitude for research, demonstrated by pri- 
mary authorship of peer-reviewed publica- 
“ms in the field of pain management 
d/or regional anesthesia. Ability to inter- 
t with basic and clinical scientists should 
shown. Candidate should be certified by 
e American Board of Anesthesiology and 
ve an Oregon medical license. Interested 
ndidates should send their curriculum 
tae and the name of three references to 
ndell C. Stevens, MD, Department of 
sthesiology, Oregon Health Sciences 
versity, 3181 SW Sam Jackson Park 
d, Portland, OR 97201. The Oregon 
ith Sciences University is an Equal Op- 
tonity/Affirmative Action Employer. 
775}/L 


\NSAS, LITTLE ROCK 

p of seven MDs and 10 CRNAs search- 

xr one or two BC/BE anesthesiologists. 
res of anesthesia with some CRNA 
sion. Opportunities available in Pain 
ement. 341-Bed hospital. Well-estab- 
group with equally shared call vaca- 
d benefits. Beautiful roliing hills and 
int outdoor recreational activities in 
a. Send CV to Garry Jones, MD, 


i 


Capitol Anesthesia Group, St 606, 500 South 
University, Little Rock, AR 72205. 
777A 


PEDIATRIC ANESTHESIOLOGY FACULTY 
Section of Pediatric Anesthesiology at the 
University of Michigan Medical School is 
seeking an additional faculty member. The 
Section provides anesthesia for a surgical 
caseload of 6000 cases/year, 50% of which 
are outpatients. All pediatric surgical sub- 
specialties are represented, with an active 
pediatric cardiac surgery program of over 
500 cases/year. An expanding pediatric 
pain program is currently being developed. 
Candidates should be BE/BC with a fellow- 
ship in pediatric anesthesiology. Appoint- 
ments can be from the Lecturer to the 
Professor level in either the clinical or aca- 
demic track, depending on qualifications 
and experience. Resources are available for 
faculty to participate in clinical and labora- 
tory research. Interested candidates should 
apply to Niall Wilton, MD, Chief, Section 
of Pediatric Anesthesiology, C-4139, Med 
Inn Bridge, Box 0800, University of Michi- 
gan Medical Center, Ann Arbor, MI 48109- 
0800 (FAX 313-936-9091). The University of 
Michigan is a nondiscriminatory, Affirma- 
tive Action/Equal Opportunity Employer. 
7784/1 


WASHINGTON, D.C. 
Positions available immediately and during 
the next year for full-time BE/BC anesthesi- 
ologists to join a growing MD/CRNA prac- 
tice. Large ambulatory and challenging ter- 
tiary care caseload including all specialties 
except pediatrics at university-affiliated 
hospital. Reasonable call schedule with 
competitive compensation package and 
partnership after 1 year. Send or fax CV to 
Barney S.H. Felnstein, MD, Chairman, De- 
partment of Anesthesia, Washington Hos- 
pital Center, 110 Irving Street, NW, Wash- 
ington, DC 20010; Fax number (202) 877- 
5564 or call collect (202) 877-7500. 

721H/A 


AVAILABLE IMMEDIATELY 
In the Greater Cleveland Area a position for 
an MD anesthesiologist with Fellowship 
and or Pain Management. Department has 
a very rapidly growing Pain Management 
Center, wide variety of blocks and invasive 
procedures performed. Active ongoing re- 
search. Must be able to contribute signifi- 
cantly to the growth in this area, in addition 
to operating room duties. No OB or hearts. 
Excellent compensation and benefits leading 
to early partnership. If interested apply to 
Box 734HIKL with current CV. 

734HIKL 


ANESTHESIOLOGIST 

Three-person board-certified group in 
MIDWEST seeks fourth; strong practice in 
regional anesthesia and acute and chronic 
pain management. Group conducts office 
interview of patients prior to surgery. Ex- 
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cellent comraderie within and between 
group, medical staff, and hospital. Broad 
range of cases, no OB or open hearts. First 
year salaried followed by equal ownership 
position. Reply in confidence to Box 784K. 

784K 


ILLINOIS 
Large, well-established, single-specialty 
group of anesthesiologists seeks additional 
BC/BE anesthesiologists. Challenging op- 
portunity for those interested in a broad 
based practice. All surgical subspecialties 
represented with coverage at three hospi- 
tals and two day-surgery facilities. Excel- 
lent benefits with early partnership. Please 
send CV to Associated Anesthesiologists, 
S.C., 5401 North Knoxville, Suite #49, Peo- 
ria, IL 64614. 

785K/F 


PEDIATRIC ANESTHESIOLOGIST 
Needed to join seven others. We are espe- 
cially interested in candidates with exper- 
tise in pediatric cardiac anesthesia and/or 
pediatric critical care. We administer over 
4500 pediatric anesthetics each year includ- 
ing 250 open heart procedures, major burns, 
spinal fusions, as well as renal, cardiac, and 
liver transplants. In the OR, we supervise 
anesthesia residents on the CA-2 and CA-3 
level. In the ICU, we provide medical direc- 
tion and concurrent care, supervising pediat- 
ric residents. Our 183-bed tertiary-care hos- 
pital is staffed by full-time faculty of the 
Temple University School of Medicine. Can- 
didates with excellent credentials, BE/BC by 
the ABA (and preferably the ABP), and at 
least 12 months of subspecialty training in 
pediatric anesthesia and critical care are in- 
vited to apply. Please send CV and names of 
three references (with phone numbers) to 
David A. Lowe, Director, Department of 
Anesthesia and Critical Care, St. Christo- 
pher’s Hospital for Children, Erie Avenue at 
Front Street, Philadelphia, PA 19134. EO/AA 
Employer. 

786K 


ANESTHESIOLOGIST—-NORTHEASTERN 
PENNSYLVANIA 
Immediate position available for full-time 
BC/BE anesthesiologist to join group of 
eight. Excellent salary leading to partner- 
ship. Full benefits. No neuro or open heart. 
Send curriculum vitae to Box 787K 

787K 


LOUISIANA STATE UNIVERSITY MEDICAL 
CENTER—SHREVEPORT 

Faculty positions available for board certified/ 
eligible anesthesiologists. Duties include pa- 
tient care, resident and student teaching, 
supervision of CRNAs, research, and admin- 
istrative responsibilities. Faculty rank and 
salary commensurate with experience. 
Please send curriculum vitae and names of 
three references to D. Richard Davis, H, MD, 
Associate Professor and Chairman, Depart- 
ment of Anesthesiology, LSU Medical Cen- 
ter-Shreveport, 1501 Kings Highway, 
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Shreveport, LA 71130-3932. We are an Equal 
Opportunity/A ffirmative Action Employer. 
788K/D 





PARTNER SOUGHT! 
BC/BE anesthesiologist needed for conge- 
nial practice in beautiful Berkshires, 3 
hours from NYC and Boston. Practice with 
three CRNAs and other MD; no OB, no 
OH, no trauma. No in-house call. Starting 
salary about $125K, plus benefits, commen- 
surate with Board status and experience. 
Partnership after 6 months. Liberal vaca- 
tion and free-time allows enjoyment of 
area’s rich cultural, educational, and recre- 
ational resources. Position available now 
but will wait for “right” MD or DO. Send 
CV and letter to Harry Sernaker, MD; 153 
Leona Drive, Pittsfield, MA 01201. 

789K 





The Pain Consortium of Greater Kansas 
City is seeking a BC/BE anesthesiologist to 
serve as Associate Clinical Director. An 
excellent career opportunity for a highly 
motivated individual who is interested in 
practicing full-time pain management with 
an innovative and busy pain management 
team. Excellent people skills and a desire 
for one-on-one patient contact is necessary. 
Above average general medical knowledge 
and ability in the use of neural blockade in 
the treatment of pain is a must. Willingness 
to participate in active clinical research and 
our fellowship training program is desir- 
able. If you are a hard-working and quality- 
minded team player—this may be the job 
you've been looking for. Send your CV and 
three letters of recommendation to Steven 
D. Waldman, MD, Director, Pain Consor- 
tium of Greater Kansas City, 11111 Nall 
#202, Leawood, KS 66211. 

790K/A 





UNIVERSITY OF MIAML—SCHOOL OF 
MEDICINE 
Associate Professor Clinical Anesthesiol- 
ogy for university medical center, Clinical 
duties include functioning as Director of 
Liver Transplantation Anesthesiology pro- 
gram. Requires Florida medical license and 
certification or eligibility for certification by 
American Board of Anesthesiology. Duties 
include teaching medical students and res- 
ident physicians in clinical anesthesia and 
doing clinical research in immunological 
suppressing agents. Requires 1 year expe- 
rience in organ transplantation and 2 addi- 
tional years experience in liver transplan- 
tation anesthesiology subsequent to 
anesthesiology residency. Hours 8 AM to 
5 PM, Monday-Friday (40 hours/week + 
minimum 4 hours/week on call and further 
time as required). Salary $2200 to $2900/ 
week as warranted by experience. Apply 
by resume to Job Service of Florida, Mezza- 
nine, 701 SW 27 Avenue, Miami, FL 33133, 
ref. J.O. #FL 0486234. 

791K 


NORTHERN NEW ENGLAND 
Staff anesthesiologist, BC/BE for 194-bed 
VA Medical Center, fully integrated aca- 
demic anesthesiology department of the 
Dartmouth-Hitchcock Medical Center and 
Dartmouth Medical School. Active teaching 
hospitals. Academic appointments and sal- 
ary commensurate with experience. Part- 
time position a possibility. Good schools, 
cultural offerings, beautiful country envi- 
ronment, good skiing, excellent book store. 
2.5 hours from Boston, Massachusetts; 1.5 
hours from Burlington, Vermont. For fur- 
ther information, call Andrew Gettinger, 
MD, Chairman VA Anesthesia Search 
Committee, or D. David Glass, MD, Chair- 
man, Department of Anesthesiology, 603- 
646-5922 (FAX: 603-646-8980). Or send CV 
to above at Department of Anesthesiology, 
Dartmouth-Hitchcock Medical Center, Ha- 
nover, NH 03756. EOE/ME. 

792K/A 





PEDIATRIC ANESTHESIOLOGIST 
The Nemours Children’s Clinic, a pediatric 
tertiary-care subspecialty clinic, located on 
the St. Johns River in Jacksonville, Florida, 
is seeking a staff pediatric anesthesiologist. 
Nemours is a partner in a consortium, 
comprised of the new Children’s Hospital, 
the University of Florida College of Medi- 
cine, and University Medical Center of 
Jacksonville, for the development of a Re- 
gional Pediatric Medical Center. In order to 
provide innovative services and additional 
patient care in the new Children’s Hospital, 
Nemours is expanding its Department of 
Anesthesiology. Candidates must be BC/BE 
in anesthesiology. A pediatric anesthesiol- 
ogy fellowship or the equivalent in experi- 
ence is preferred. The salary and fringe 
benefits for this position are paid by Ne- 
mours Children’s Clinic as this is a nonsal- 
aried, University of Florida College of Med- 
icine Courtesy Clinical faculty appointment 
at the rank of Assistant Professor/Associate 
Professor. Proximity to First Coast beaches, 
cultural and recreational opportunities, and 
year-round mild climate, as well as an 
opportunity for professional growth and 
participation in research, make this a very 
desirable employment choice. The recruit- 
ing deadline is 12/15/91. Interested appli- 
cants should send CV to Dr. Richard Helff- 
rich, Jr., Chairman, Search Committee, 
Nemours Children’s Clinic, 807 Nira Street, 
Jacksonville, FL 32207, (904)390-3766. Affil- 
iated with the University of Florida, an 
Equal Opportunity, Affirmative Action Em- 
ployer. 

793K 





PENNSYLVANIA 

Faculty position available at Wills Eye Hos- 
pital. Board certification or presently in the 
examination system required. The candi- 
dates should have interest and expertise in 
pediatric and neonatal anesthesia. The suc- 
cessful candidate will have a full-time fac- 
ulty position in the Department of Anes- 
thesiology of Thomas Jefferson University. 
This is an excellent opportunity for teach- 
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ing and research at one of the most pres: 
gious ophthalmologic hospitals in tk 
country. Thomas Jefferson University is a 
Affirmative Action/Equal Opportunity En 
ployer. Send CV and references to Josep 
L. Seltzer, MD, Professor and Chairmas 
Department of Anesthesiology, Thomz 
Jefferson University, 111 South 11th Stree: 
Suite 6460 Gibbon, Philadelphia, PA 1910! 

794K/, 





CALIFORNIA 

Practice opportunites for BE/BC anesthes 

Ologists to share call in South Bay Arez 

send CV to AAMG, 725 East Santa Clar 

Street, Suite 101, San Jose, CA 95112, 
795} 





FLORIDA 
Academic anesthesiologist. Two Assistar 
Professor positions available for board-ces 
tified or board-eligible anesthesiologists 
Specialty training or experience in obstetr? 
cal anesthesia or pain managment pre 
ferred. Positions available January 2, 19% 
or later. Application deadline is Decembe: 
2, 1991. Send request for interview and CY 
to Robert E. Redfern, MD, Search Commit 
tee Chairman, Department of Anesthesiol 
ogy, University Medical Center, 655 Wes: 
8th Street, Jacksonville, FL 32209. Equa. 
Employment Opportunity/Affirmative Ac 
tion Employer. 

796K. 





ANESTHESIOLOGIST/CRNA: FLORIDA p 
Excellent starting opportunity, unexpected 
position available, October 1991, Growing 
100-bed hospital in suburban community, 
30 minutes north of Tampa Bay. Full part- 
nership in 2 years. BE/BC. PO Box 1166, 
Dade City, FL 33525. (813) 788-0411, Ext. 
2315 or (813) 782-0285. 

797K. 





ANESTHESIA CRITICAL CARE 
FELLOWSHIP: NORTHWESTERN 
UNIVERSITY MEDICAL SCHOOL 
Twelve-month ACGME-accredited Critical 
Care Fellowship position available for an- 
esthesiology CA-4 (PGY V) candidates be- 
ginning July 1992 or January 1993. Clinical 
experience includes all aspects of critical 
care medicine in medical, neurosurgical, 
pediatric, surgical, and spinal cord ICUs. 
This fully accredited Critical Care Training 
Program has been functioning for over 10 
years and is supervised by three full-time 
anesthesiology intensivists. Research op- 
portunities available for those interested. 
Send inquiries and application request to 
Barry A. Shapiro, MD, Section of Respira- 
tory and Critical Care Medicine, Depart- 
ment of Anesthesia, Northwestern Univer- 
sity Medical School, 250 East Superior 
Street, Suite 678, Chicago, IL 60611. 
i 798KL 





ANESTHESIOLOGIST l ; 
Board certified/eligible to join expanding 
small group practice. Experienced in all 
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nesthesia techniques including epidural 
lock and pain management. No open 
“eart or neurosurgery. Good opportunity 
‘or growth. Please send CV to Mount Ver- 
son Anesthesia Associates, Box 391, Mount 

ewernon, OH 43050. 
799K/A 


“Anesthesiologist to join a professional cor- 
poration of 11 anesthesiologists and 40 
_~RNAs in a progressive, 500-bed hospital. 
-Salaried position for day shift. No night call 
ow holidays. Excellent financial compensa- 
“on. Please reply with CV to Michael J. 
dovan, MD, PhD, Chairman, Department 
of Anesthesia, Akron City Hosptial, 525 
¿Zast Market Street, Akron, OH 44309. 
800KL 





Anesthesiologist to join group consisting of 
ven anesthesiologists and two CRNAs. 
ust be board eligible or board certified. 







pic 


An effect. Send CV to Associated Anesthe- 
vsiologists of Saginaw, PC, 3121 Davenport, 


“Saginaw, MI 48602 or call (517) 791-2150. 
801KL 





PEDIATRIC ANESTHESIOLOGIST 
The Department of Anesthesiology, Yale 
University School of Medicine is expanding 
its Section of Pediatric Anesthesiology in 
anticipation of the new Children’s Hospital 
wat Yale-New Haven. Candidates for this 
faculty position must be BC/BE in anesthe- 
siology and have completed a pediatric 
anesthesiology fellowship, including train- 
ing in pediatric pain management. Send 
CV by May 1, 1992 to Stephen Rimar, MD, 
Chief, Pediatric Anesthesiology, Depart- 
ment of Anesthesiology, Yale University 
School of Medicine, 333 Cedar Street, Box 
3333, New Haven, CT 06510. Yale Univer- 
sity is an Equal Opportunity Employer. 
802K 


PAIN MANAGEMENT CENTER 
CODIRECTOR 

The Medical College of Wisconsin is look- 
ing for a faculty member who is experi- 
enced in chronic and acute pain manage- 
ment to codirect a busy multidisciplinary 
pain management center. The pain center 
is located in a new 3500 sq ft clinic area and 
has full-time psychology, physical therapy, 
and nursing staff as well as five anesthesi- 
ology faculty, three anesthesiology resi- 
dents, and one to two fellows. Treatment 
programs include spinal stimulation, 
chronic spinal opiate administration, and a 
full range of anesthesia-related modalities. 
Acute pain services are undergoing expan- 
sion. There are extensive opportunities for 
clinical and basic science research. If inter- 
ested, call or write to Stephen E. Abram, 
MD, Department of Anesthesiology, Med- 
ical College of Wisconsin, 8700 West Wis- 
consin Avenue, Milwaukee, WI 53226. 


(414) 257-6259. EQUAL OPPORTUNITY/ 
AFFIRMATIVE ACTION EMPLOYER 
M/F/H. 

803K/A 


NEUROANESTHESIOLOGIST 
Faculty neuroanesthesiologist needed for 
extremely busy and interesting academic 
practice. Over 2800 neurosurgical proce- 
dures with state of the art and beyond high 
tech support: multimodality evoked poten- 
tials, 3D Xenon CT CBF, Xe CBF, trans- 
cranial Doppler, processed EEG. Two 
neuro-ICU’s with option possible for qual- 
ified individual to do both neuro-ICU and 
neuroanesthesia. Procedures include ex- 
tensive cranial base, complex neurovascu- 
lar, stereotactic, seizure, and microvascular 
decompression and trauma (plus others). 
Clinical research technician available. Ex- 
cellent opportunity. EO/AA employer. 
Send CV and inquiries to Peter M. Winter, 
MD, Chairman, Department of Anesthesi- 
ology/Critical Care Medicine, University of 
Pittsburgh, 1385 Scaife Hall, Pittsburgh, PA 
15213. 

804K 


Pennsylvania anesthesiologist, board certi- 
fied or board eligible, to join an eight- 
member group providing CRNA super- 
vised anesthesia as well as SRNA 
instruction. Group provides anesthesia to 
several hospitals approximately two hours 
from Pittsburgh; all types of anesthesia. 
Excellent fringe benefits; early partnership; 
cardiac or pain experience preferred, but 
not necessary. Reply to Box 805K. 

805K 


ARKANSAS 
Pediatric Anesthesia Fellowship to begin 
July 1, 1992. Broad based training in pedi- 
atric anesthesia includes experience in car- 
diac, pain management, and critical care. 
Active research program. Prefer applicants 
who have completed CA-3 level in ap- 
proved residency program. Must be eligible 
for Arkansas licensure. Send curriculum 
vitae to Raeford E. Brown, Jr., MD, Chief, 
Division of Pediatric Anesthesia, Arkansas 
Children’s Hospital, 800 Marshall Street, 
Little Rock, AR 72202-3591. An Equal Op- 
portunity Employer. 

806K/A 


FELLOWSHIP-—-PEDIATRIC CARDIAC 
ANESTHESIA 
Applications are being accepted for a 12- 
month academic fellowship (CA-4) starting 
in July 1991 and thereafter. Clinical training 
on dedicated service with 1000 cardiac OR 
and 400 Cath Lab cases per year. Research 
training for up to 6 months included. Ad- 
dress correspondence with CV to Paul R. 
Hickey, MD, Cardiac Anesthesia Service, 
Children’s Hospital, 300 Longwood Ave- 
nue, Boston, MA 02115. 

667EGIKAC 
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A WEEKEND OF MOCK ORAL EXAMS. 
Mock orals, not lectures. We are the origi- 
nal course in this format. 20 hours cate- 
gory I CME credit, two board-certified in- 
structors, 12 students maximum Tampa, 
January 17-19 and February 14-16; Dallas, 
March 6-8. ANESTHESIA EXAM REVIEW, 
7128 Regents Park, Toledo, OH 43617, (419) 
843-4480 or (813) 394-8780. 

781K/A 


DON’T FAIL. PREPARE EARLY. 
Unique approach for passing the written 
ITE/boards. Study questions, memory en- 
hancement, guessing techniques, much 
more. 1991-92 edition. Call MEDTEXT 
1-800-695-6301 24 hours. 

757C 


DANIEL & YEAGER LOCUM TENENS 
Daniel & Yeager is the only name you need 
for locum tenens. Anesthesia is our exclu- 
sive specialty, so you are assured of our 
undivided attention. Earn a premium in- 
come while eliminating administrative 
headaches and malpractice premiums, we 
cover it all. Call 1-800-955-1919 or write to 
PO Box 2065, Huntsville, AL 35804-2065. 
629C/B 


TUTORING FOR WRITTEN AND ORAL 
BOARD EXAMS 
The unique feature of these programs is the 
maximum class size of four students. Prep- 
aration for the written and oral exams are 
given separately in 3-day blocks in San 
Francisco and New York. FOR THE WRIT- 
TENS, techniques are taught for dealing 
with the multiple-choice questions. The ba- 
sic sciences are stressed. FOR THE ORALS, 
the guided case discussions are stressed. 
Home study programs are provided. CALL 
(415) 321-1117. 

763UB 


Dial 1-800/RENT-A-DOC 
For anesthesiologists and CRNAs. We can 
provide you with quality locum tenens 
services to meet your specific coverage 
needs. Or work locum tenens with us for a 
change in both your practice and your 
lifestyle. ReplaceMed * 1-800/736-8236 * PO 
Box 640 * Michigan City, IN 46360. 

598B/L 


J. STEPHENS MAYHUGH AND 
ASSOCIATES, INC. LOCUM TENENS 
ANESTHESIA SERVICES 
Providing top-quality CRNAs to meet your 
specific needs. Our CRNAs are screened to 
assure quality in performance as well as 
personal stability. License verification, cur- 
riculum vitae, references procured by us, 
AANA recertification, malpractice verifica- 
tion are supplied to you. Call 1-800-426- 
2349 any time. 

755UB 
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